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\ body of evidence has slowly been 
iccumulating which suggests that he- 
parin plays a role in fat metabolism, 
it least in its serum transport phase. 
Chargafl et al., in 1940", found that he- 
parin altered the lipoprotein of egg 
volk. In 1948, Hahn!® noted that he- 


-parin prevented alimentary lipemia in 


dogs and that the effect could not be 
produced vitro. Weld'® later con- 
firmed this and showed that the same 
learing of lipemia sera occurred in 
ibbits, cats and humans. Subsequent 
iVestigators 


such as) Anderson and 
Swank!® verified these 
servations, but the situation remained 
bscure until the ultracentrifugal 
iethod of serum lipoprotein analysis 
as developed by Gofman and his as- 
ciates*. They shown that the 
isma lipids are carried in the form 

lipoproteins of varying molecular 
fe, and that only specific classes of 
oproteins, the S, 12-100 classes, are 
ociated with atherosclerosis in hu- 
and in cholesterol-fed animals. 
uring the past vear, Graham, et al.," 
wwe shown that following an injection 
heparin there is a shift of serum lipo- 
roteins from the larger atherogenic 


and 


have 


classes to the smaller nonatherogenic 
classes (Table 1). Thus the lipoprotein 
spectrum is altered by heparin in the 
direction of normality. The same work- 
ers found that heparin inhibited the 
development of atherosclerosis in chol- 
esterol-fed rabbits, and they noted a 
reduction in the incidence of angina 
in humans. Recently Anfinsen, Boyle 
and Brown? corroborated and extended 
the findings of the Berkeley group of 
investigators regarding the role of he- 
parin in lipoprotein metabolism. 


TABLE 1.— CHANGES IN THE Sy 12-20 and 
20-100 LIPOPROTEINS FOLLOWING 200 
MG. HEPARIN (FROM GRAHAM, REF. 9). 
Time after 12-20 20-100 
he parin (mg 100 ce (mg 100 ce.) 
Pre-heparin 197 mg 100 ce, 357 mg 100 ce. 


70 min. 147 18 
3 hours 102 14 
+ hours 21 0 
6 hours 83 18 

24 hours | 160 

72 hours 107 | 167 


We have used heparin for the past 
vear in various types of atherosclerotic 
disease because the work previously 
mentioned suggested that it might be 
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valuable in the prevention of athero- 
sclerosis. Since this requires a long 
period for evaluation, and since the ef- 
fects in a few patients with angina 
were quite dramatic, these latter ob- 
servations were deemed worthy of 
presentation at this time. During this 
study observations were made of exer- 
cise tolerance tests, exercise electro- 
cardiograms, and_ ballistocardiograms 
before and after heparin. These shed 
some light on the mechanism of he- 
parin action, and afford objective evi- 
dence of the beneficial effects of he- 
parin in coronary atherosclerotic dis- 
ease. 

Twenty-nine patients with severe 
angina have been treated with heparin 
for a period of 6 to 12 months. In view 
of the variability of angina pectoris, 
and the difficulty of determining thera- 
peutic response, the group was care- 
fully selected. Only those cases were 
included in whom angina was over one 
year in duration, where the clinical 
picture was fairly constant, and where 
the patient seemed reliable. All the 
patients had previously been treated 
by the standard methods including 
weight reduction, sedation, vasodilat- 
ing drugs, and had shown little or no 
response. Heparin was the only addi- 
tional therapeutic agent given. No die- 
tary changes were made. Six patients 
had previously been on a low-fat, low- 
cholesterol diet which was not altered. 
Most of the patients used from 5 to 20 
nitroglycerine tablets daily. A few used 


less because of marked restriction of’ 


activity. However, they knew their 
exercise tolerance very well and were 
able to judge their response to therapy 
quite accurately. Eighteen had _previ- 
ously experienced an acute myocardial 
infarction, 11 had not. Control records 
were kept for 2 to 4 weeks prior to 
therapy. 


* Supplied by Lederle Laboratories, Inc. 


Heparin® was given in doses of 25 
to 100 mg. intravenously or intramus- 
cularly twice weekly. As the study pro- 
gressed the 100 mg. dose intravenously 
was used exclusively since the best 
clinical results, and the greatest effect 
upon the large lipoprotein molecules, 
were obtained with the larger amount 
of heparin, and the intravenous route 
caused no pain. (Small needles, Nos. 25 
or 26, are preferable since they mini- 
mize leakage of blood from the site 
of venipuncture.) Lee-White clotting 
times were done early in the study, and 
the anticoagulant activity was found 
to persist for no more than 6 to 7 hours 
following intravenous therapy. This de- 
termination is not necessary since the 
results are quite uniform, and one is 
not concerned here, as in the case of 
an acute infarction, with the main- 
tenance of any anticoagulant effect. In 
12 months of therapy little cumulative 
effect has been noticed with this inter- 
mittent administration of heparin. 

The blind study technique was not 
used since it was observed that the 
beneficial effects of heparin in athero- 
sclerotic disease may persist for several 
months after the drug is stopped. This 
necessitates the use of placebos prior 
to the use of heparin, and thus rules 
out blind studies. Furthermore, all blind 
studies suffer from the objection that 
they may obscure results with any 
therapy since, if the potent therapeutic 
agent is given first, the subject may 
be made _ suggestible to subsequent 
placebo medication. It seems wiser. 
therefore, to use placebos initially. 
eliminate those suggestible individuals 
who respond to the placebos, and then 
give the agent to be evaluated to the 
remaining, less suggestible, patients. 
This procedure was adopted in our !ast 
11 patients. 

The results are presented in Ta! les 
2 and 3. Twelve of the initial 18 pa- 
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HEPARIN THERAPY 


tients improved with heparin. When 
saline placebos were substituted in a 
few cases, the angina recurred in from 
| to 8 weeks. This same time lag, be- 
fore recurrence of symptoms also took 
place when heparin was stopped and 


TABLE 2 
TWELVE PATIENTS 


OF SEVERE CORONARY 


DATA IN EIGHTEEN ANGINA PATIENTS GIVEN HEPARIN 


ATHEROSCLEROSIS 
ible patients with severe angina im- 
proved with heparin therapy. The re- 
sponse may be very marked occurring 
within several hours after the first dose 
of heparin, or it may occur gradually 
over a period of several months. In 


IMPROVEMENT IN 


NO SALINE CONTROL PRIOR TO HEPARIN 


Nitroglycerin Used Weekly 


S¢ 12-20 — 

Chol. Lipopro- Previous Before Heparin ifter Heparin 

mg. per teins mg. Years of Myocardial : — 

Patient Age Sex 100 ec. per 100 ce. Angina Infarct Average Range Average Range 
LL 44 M 312 06 a) 0 25 15-50 3 1-5 
R.L Ot M 265 7 l 2 30-70 1s 10-25 
E.F 6S F 350 125 4 0 S4 70-100 18 6-25 

H.G oo M 230 3S 1+ 5 130 120-140 s4 72-104 
MI 57 M 330 7s 4 1 10 7-14 1 1-3 

B.G 42 M 329 109 1+ 1 125 105-140 122 100-140 
5.B. 56 M 280 57 4 1 10 7-14 10 7-14 
J.B 64 M 316 63 2 0 20 15-35 5 1-10 
L.G 58 M 300 62 7 0 15 7-35 15 7-35 
S.G 63 M 27% 4 2 35 28-45 37 
M.K 63 M 206) Ww) 3 0 24 21-28 10 7-15 
JA M 245 a7 3 0 sO TOM 75 
3S M 302 sO 1 100 70-130 38 26-45 
S.K 42 M 260 ti4 2 0 120 100-148 4S 34-60 
rM 53 M 326 92 6 2 70 56-S4 24 14-31 
LV. 63 M 219 nO 2 i 30 20-35 14 10-20 
N.B | M 241 43 3 1 20 15-25 22 15-30 
Ss 17 M 310 6S 2 1 25 1S-30 s 5-12 


rABLE 3 


BY HEPARIN 


IMPROVED ON HEPARIN 


Sf 12-20 
Chol. mg. Lipopro- 


per 100 teins mg. Years of 

} nt Age Ser cc. per 100 ce. Angina 
sf 53 M 340 M 4 
HB 62 M 213 64 2 
IF 52 M 365 43 2 
1 62 M 241 41 5 
\.K M4 M 360 77 3 
F 71 F 349 SO 2 
61 F O88 16 2 
M.F. 47 M 406, ot 3 
48 M 2908 64 6 
Ss 48 M 301 74 4 
5 57 M 322 S2 3 


Previous 


DATA IN ELEVEN ANGINA PATIENTS GIVEN SALINE PLACEBOS FOR THREE WEEKS FOLLOWED 
TWO IMPROVED ON SALINE AND FIVE OF THE REMAINING NINE SUBSEQUENTLY 


Nitroglycerine Used Weekly 


M yo- Before Therapy On Saline On Heparin 
cardial - ~- - 
Infarct Aver. Range Aver. Range Aver. Range 

20 15-25 19 5-25 7 °&5-10 
2 Ho 40-1000 56 40-75 12 6-20 
2 IS 15-20 20 10-28 Ss 4-11 
0 15 12-20 13 11-16 7 5-10 
1 60 35-70 65 35-S0 25 20-32 
0 100 70-125 5S 40-74 «60 44-82 

nol not 
0 24 20-30 6 3-8 given given 
2 18 14-21 20 15-25 «16 10-23 
35 304036 3040 32 28-36 
1 42 30-50-40 30-50 46 32-55 
0 30 28-35 26 22-32 24 21-28 


placebo was given. Table 3 shows 
results in the 11 patients who re- 
ed saline placebos initially. Two 
ents improved on saline, and 5 of 
remaining 9 subsequently improved 
‘th heparin. Thus, in our hands ap- 
ximately half of minimally suggest- 


the latter instance the improvement is 
moderate. Most of the patients show 
the gradual type of response. 


Case Reports. The following case histories 
are illustrative: 

Case 1. A 44-year old man with typical 
angina of effort for the past 5 years, and a 
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strongly positive Master two-step. test, used 
25-nitroglycerine tablets weekly despite re 
stricted activity. He had improved very litth 
on all previous forms of therapy including 
strict adherence to a low-fat, low-cholesterol 
diet. Since the first injection of heparin he 
has used only 1 to 5 nitroglycerine tablets 
weekly. When angina occurs it is much 
milder and of shorter duration than formerly, 
and is now usually precipitated by emotion 
rather than effort. He is much more active 
now. The effect of the medication becomes 
apparent about 3 to 6 hours after it is given, 
with maximal improvement the next day. 
When saline placebos were substituted it took 
about 12 to 14 days for the previous angina 
to recur 

Case 2. This woman, 68 vears of age, had 
typical angina for the past 2 years using 70 
to 100 nitroglycerine tablets a week. At abso- 
lute bed rest she used 2 to 3 nitroglycerine 
tablets daily. She improved within several 
weeks after starting heparin, despite complete 
failure on previous forms of therapy. Sh« 
now uses about 18 nitroglycerine tablets a 
week, She has a gre atly increased effort tol- 
erance but has noticed that aggravation or 
cold weather brings on attacks as easily as 
before. However. the pain is much less sever 
when it occurs. Formerly it began in the pre 
cordium and radiated into the back and down 
both arms; now it is felt only as a precordial 
pressure and frequently is not severe enough 
to require nitroglycerine. She has also shown 
marked improvement of her — peripheral 
disease. 

Case 3. This patient, a 52-vear old man, has 
had 2 previous episodes of myocardial infare- 
tion. In the past few vears, despite markedly 
restricted activity, he has had about 15 to 20 
severe anginal episodes weekly brought on 
by emotion or effort. More recently nocturnal 
angina appeared with increasing frequency 
and severity. He did not improve on saline 
placebos but has had almost complete cessa- 
tion of angina subsequent to the third week 
of 100 mg. doses of heparin given twice 
weekly. His effort tolerance is markedly im- 
proved. He has noted that formerly when he 
watched wrestling on television (which seems 
to excite angina in quite a few patients) he 
would feel a more rapid forceful heartbeat 
which was soon followed by typical angina 
necessitating nitroglycerine. Now, in the same 
situation, he experiences the rapid pounding 
of the heart but it is not followed by any 


pain. When saline placebos were substituted 
the pain recurred in 4 weeks 

In 3 cases moderate lumbar pain was 
present for 5 minutes to 3 hours fol- 
lowing therapy. One patient developed 
hives which were prevented by giving 
her another brand of heparin. No other 
untoward effects were noted. It is im- 
portant to point out that the literature 
on heparin emphasizes its safety, in 
contrast to dicumarol. Three of om 
patients had had duodenal ulcer, an 
other had had 2 episodes of idiopathic 
hematuria in the past few vears, but 
no bleeding occurred. In view of the 
temporary anticoagulant effect, how 
ever, it is wise to caution male patients 
not to shave for 6 hours following the 
injections. An intravenous injection of 
protamine sulfate (Lilly) counteracts 
the anticoagulant action of heparin in 
the event of any traumatic bleeding. 

One patient, whose angina did not 
improve on heparin, and who had had 
3 previous episodes of myocardial in 
farction, had a fourth fatal infarction 
during the period of the study. This o 
curred atter he had been On saline i})- 
jections for 2% weeks, and followed an 
unusual exertion. We are aware that 
there have been severe sensitivity rea 
tions due to an impure product. re- 
leased by a large producer of heparin 
This lot has since been withdrawn from 
the market. 

In an attempt to obtain objectiv 
criteria .of therapeutic response and in 
order to evaluate the relative imvort- 
ance of the anticoagulant, vasodilator 
and lipoprotein effects, 9 patients wlio 
had a positive two-step exercise eli 
trocardiogram were studied. A standard 
Master two-step test was done, te 
anginal response noted. and an el 
trocardiogram taken. A blood sam) le 
was then taken for clotting tine 
blood linids and lipoproteins, and 0 
mg. of heparin were given intrayv 
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A separate study of heparin in peripheral atherosclerosis is in press 
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ously The two-step test was repeated, 
and electrocardiograms blood 


samples taken LO minutes, 6 hours, and 
24 hours after the injections. The ini- 
tial and 24-hour tests were done after 
breakfast, and the patients instructed 


CORONARY ATHEROSCLEROSIS 1] 
to eat identical meals. All tests were 
run by the examiner, under 
similar conditions insofar as possible. 
Although admittedly the — two-step 
exercise tolerance test. and the two- 
step exercise electrocardiogram are not 


same 


ML 
RESTING 


Two sTéP 


Jwo s/€P TésT 


BEFORE HEPARIN yours AFTER HEPARIN 


} + 

Ve 

7 


1.—Changes in S-T seements in leads 2, \ 
not reproducible 


78 mg./100 ce. before heparin, 


24 hours after 100 mg. 


and V. 
heparin intravenously. S, 
28 mg./100 ce. 


.. after exercise present before heparin. 
12-20 lipoproteins 
24 hours after heparin. 
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exact determinations giving a constant 
response, the results were of interest. 
Six out of showed an. in- 
after he- 
parin. In 1 case the maximum improve- 
ment occurred in 10 time 
when the anticoagulant and vasodilat- 
ing actions are maximal, and the effect 
on the lipoproteins has just begun. In 3 
cases the maximal response was 6 hours 


cases 


creased exercise tolerance 


minutes, a 


cases. In some instances where the 
tolerance definitely im- 
proved the electrocardiographic 
changes atter effort persisted. Fig. 1 


is illustrative of the 


exercise was 


improvement in 
electrocardiogram found 
in some after heparin. The S, 
12-20 lipoproteins in this man were 7S 
100 ce. before heparin and 25 
100 ce. 24 hours after 100 mg. 


the exercise 


CaSeCS 


mg. per 
mg. per 


Fic. 2.—D.T., A 


Upper Record: Before Heparin. Small I 


Lower Record: 72 


after injection, and in 2 cases 24 hours 
after. Thus it seems that the greatest 
increase in exercise tolerance occurred 
concomitant with the greatest shift in 
the serum lipoproteins rather than at 
the time of anticoagulant effect. How- 
ever, there may be an increased toler- 
ance 10 minutes after heparin which 
may be due to its anticoagulant or its 
vasodilating action or both. 

The two-step exercise electrocardio- 
grams showed improvements in 4 of 9 


and ] waves, 
Late downstroke 


Center Record: 24 hours after 100 mg. heparin intravenously. 


ge 48. Anginal Svndrome 


Slurred deep K wave, large L 


pattern. 


Wave 


Normal pattern 


hours after heparin. Record essentially as before heparin. 


of heparin intravenously. In the other 
3 patients with improved exercise elec- 
trocardiograms the maximal change oc- 
curred 6 hours after the heparin was 
given. 

More recently we have used the ba!- 
listocardiogram as an objective aid in 
evaluating the effect of heparin ther- 
apy. Starr has stated that the ballisto- 
cardiogram provides an easy means of 
following the course of circulatory aid 
cardiac disease, and of assessing | ie 
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influence of therapeutic agents in such 
conditions'*. Nickerson’? has shown 
that in normals cardiac output studies 
with the critically damped, low fre- 
quency ballistocardiograph correlated 
to within 25% of results obtained with 
the method of right atrial catheteriza- 
tion. More recently Starr, et al.’ have 
claimed that the ballistocardiogram is 
more closely related to the heart's force 
than to its output, so that estimates of 
force are more accurate than estimates 
of output. Dock! feels that the ballisto- 
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ance within 3 to 5 days after a single 
injection of heparin. We are investi- 
gating various possibilities in an at- 
tempt to learn more about the me- 
chanism of this observed heparin et- 
fect upon the ballistocardiogram. How- 
ever, it seems justifiable even at pres- 
ent to feel that the observed changes 
indicate improved cardiac function and 
flow maintained for several days after 
a single injection of heparin. 

Based upon the dosage schedule 
used, the clinical observations, and the 


Fic, 3.—P.D., Age 47. Acute Coronary Thrombosis 2 Years Ago. 
Upper Record: Before Heparin. Low IT and J components in most strokes. Slurred J wave 
kK wave is chief component. Market respiratory variation. Brown grade 1 abnormality. 
Lower Record: 24 hours after heparin 100 mg. intravenously. Normal pattern. 


ardiographic method may help in se- 
‘ecting patients who might benefit from 
studies of plasma lipids and attempts 
it modifying abnormal patterns of lipid 
ontent of the blood. 

Figs. 2 and 3 illustrate the marked 
improvement in the ballistocardio- 
rams of 2 patients with effort angina 
ollowing a single intravenous dose of 
(00 mg. of heparin. Effects of this type. 
rv of lesser degrees of improvement, 
‘ave been seen in about half the pa- 
ients given heparin. The ballisto- 
irdiogram returns to its initial appear- 


results of the two-step exercise studies 
it would appear that the beneficial 
effect of heparin is probably not  pri- 
marily due to its anticoagulant or vaso- 
dilating effects. Although the anticoag- 
ulant action per se may have an ef- 
fect on angina, as has been reported 
by Nichol with dicumarol, this — is 
probably not the chief mechanism 
by which heparin relieves angina. 
The prolonged relief following ces- 
sation of therapy, and the results of 
the two-step exercise study are evi- 
dence of this. Vasodilatation probably 


does occur with heparin, but this is 
also not important in view of the relief 
of angina for weeks after therapy, the 
fact that the maximal benefit seems to 
occur 6 to 24 hours after injection, and 
the occasional observation of heparin 
relief of persistent coronary insufhi- 
ciency pain when nitroglycerine had 
tailed. According to Laufman et al.". 
heparin has no effect on blood sludg- 
ing, and Gilbert and Naletski® have 
stated that the blood viscosity is not 
altered by heparin. It is of interest that 
several patients who observed amelio- 
ration of effort pain had no relief of 
angina following emotional stress or 
cold weather. This would seem to fur- 
ther imply that relief of angina fol- 
lowing heparin therapy is not due to 
suggestion. 

It is probable that the action of he- 
parin upon the serum lipoproteins 
bears some relation to its effect upon 
the manifestations of coronary athero- 
sclerosis. Improvement in angina or 
the ballistocardiogram, when it occurs. 
mav be seen within 6 hours after a dose 
of heparin. Certainly the shift in the 
serum lipoproteins does not alter exist- 
ing atherosclerotic disease in that pe- 
riod of time. Another possible explana- 
tion comes to mind. There is evidence 
that the larger lipoproteins (perhaps 
S, 100 and above) do not get into the 
vascular wall. They probably pack 
against the intima in a_ lipoprotein 
sludge much like grease on a pane of 
glass. Evans, using his aortic strip per- 
fusion method", has observed that par- 
ticles which are too large to penetrate 
the intima pack against it after several 
days of perfusion®. Heparin, which af- 
fects the larger particles to the greatest 
extent (see Table 1), may remove the 
lipoprotein sludge from the intima. 
The resulting improved exchange of 
oxygen and other products across the 
cleansed endothelial surface could ac- 
count for relief of angina and im- 
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proved cardiac performance. Admitted- 
ly this is speculative, but it is not at 
variance with physiologic principles 
At any rate the present lack of proot 
as to mechanism of action does not 
mitigate against the observed facts. 
Although 25 mg. doses mav be bene 
ficial in angina, it is wiser to use LOO 
mg. doses since the larger dose is 
quite safe, more effectively clears the 
serum of the larger lipoprotein mole 
cules, and so possibly has a better pre 
ventive effect as regards atherosclerosis 
This is a much more important con 
sideration than mere relief of pain 
underlies — the 


The same reasoning 


twice weekly dosage schedule ever 
though | injection a week mav be ef 
fective in angina relief. We have ob 
served in a series of coronary patients 
without severe angina who are recei\ 
ing 100 me. of heparin intravenous! 
twice weekly that there has been re- 
lief of numerous minor chest com 
plaints such as soreness, sticking pains 
heavy feelings, and others, which prob 
ably represent mild) anginal equiva 
lents. In this group heparin is being 
given in order to evaluate anv effect 
in reducing the rate of development 
of further atherosclerotic disease. 

It is perhaps wise to re-emphasiz 
that angina is, after all, a manifesta 
tion of pre-existing disease. most. ot 
which cannot be changed. The pos- 
sible role of heparin lipoprotei 
metabolism, which is the object of in- 
tense studv, is of far greater im- 
portance than any clinical results see 
in angina. 

Summary. |. 
incidence of anginal attacks’ in 55% o 


Heparin reduced the 


+ 
cases of severe coronary atherosclero 
sis who had not responded to previous 
therapy. In a few cases the improve: 
ment was very marked. 

2. The effect of heparin is proba oh 
not due to its anticoagulant or to its 
vasodilator actions. 
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3. Objective evidence of the bene- 5. The use of heparin affords the 
ficial effect of heparin was obtained by — possibility of a new approach to the 
studies of exercise electrocardiograms prevention and therapy of athero- 


and of ballistocardiograms. sclerosis since it is a physiological sub- 
!. There were no dangerous reac- stance having a profound action on the 
tions observed. plasma lipoproteins. 
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PROGNOSIS IN THE “UNCOMPLICATED” FIRST ATTACK OF 
ACUTE MYOCARDIAL INFARCTION 
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BuRTON L. 


ZOHUMAN, M.D. 
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\cuTE myocardial infarction was 
originally regarded as a hopeless dis- 
ease because experimental work in ani- 
mals had shown that coronary obstruc- 
tion was not compatible with survival". 
Further observation, however, especi 
ally more accurate diagnosis of the 
milder cases and the postmortem find- 
ing of sears of infarction in subjects un- 
suspected of the disease, diminished 
the gloom of the previous outlook. In 
recent vears it has been repeatedly 
stated that half of the patients who de- 
velop myocardial infarction survive the 
stage of the acute illness. Since. after 
the age of 40, one man in every 38 and 
one woman in every 115 > sustain a 
coronary occlusion each vear in the 
United States*, the problem of prog- 
nostication in this disease has become 
one with which the physician is faced 
in his daily practice. It is current au- 
thoritative opinion that “the outcome 
of an attack of acute cardiac infarction 
is unpredictable, on the one hand. be- 
cause of the constant threat of sudden 
unexpected death even for persons 
convalescing favorably: and, the 
other hand, because of the possibility 
of long survival even for persons ap- 
parently critically ill”*. This prevailing 
view has been the cause of somber ex- 
pectation and reserve on the part of 
the attending physician even in cases 
presenting a benign clinical picture. 

(496 ) 
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Since the concern of the physician is 
frequently imparted to the patient and 
his family, consciously or otherwise, it 
is important to ascertain the actual 
risk to life in the milder cases of acute 
myocardial infarction in order to avoid 
the possibility of needless apprehen 
sion. Obviously, if the threat to sur 
vival is small in these instances, the 
physician's attitude should be amended 
accordingly and a more encouraging 
outlook should be transmitted to the 
laity who often regard coronary throm- 
bosis as an almost inescapable harbing- 
er of death. 

Under conservative treatment with 
out the use of anticoagulant drugs. the 
mortality rate during the period of 
hospitalization for patients sustaining 
their first attack of acute myocardial 
infarction, has been reported as 10@ or 
less. Master, Jaffe and Dack® actually 
recorded a rate of only 8% in their 
series of patients with first infarctions. 
Similarly, Baer, Heine and Krasnoff! 
found that in 182 patients seen in priv- 
ate practice, 166 of whom had first in- 
farctions, the fatality rate during the 
period of the acute illness was only 
8.5%. Although such statistics reflect a 
favorable outlook for immediate sur- 
vival in unselected patients sustain ig 
a first attack of varying severity, un 
even better prognosis should be an 
ipated for groups in which no seri us 
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signs or symptoms are observed at the 
onset of the initial episode. Exclusion 
of patients in whom congestive heart 
failure, profound shock, arrhythmias or 
other significant signs are observed at 
the onset, has actually demonstrated 
that an unexpectedly small risk to life 
exists from the “uncomplicated” first 
attack. We have calculated the mortal- 
ity rate for 489 “good risk” cases se- 
lected in this manner and found it to 
be only 3.1%. 


Sample. All of the 
study derived 


Composition of cast 


material in) our from a 
L047 acute mvocar- 
dial infarction, to 3 New York Hospitals. In 


every 


Was 
series of admissions for 
instance the clinical diagnosis of acute 
nvocardial infarction was confirmed by on 
The age range 
30 to SS vears with 
vears. All the patients in 


r more electrocardiograms 
for the 


mean age of 56.7 


entire series was 


treated by conservative meas- 
The 
risks” 


of the following poor prog- 


this study were 
res without the use of anticoagulants. 
1S9 patients who qualified as “good 
presented none 
ostic criteria on the dav of admission to the 
ospital: 1 infarction, 
2) intractable pain, 3) extreme degree or per- 


shock. 1) 


! the heart, 5 


previous myocardial 


sistence of significant enlargement 
gallop rhythm, 6) congestive 
fibrillation or flut- 
r, ventricular tachveardia or intraventricular 
lock, and 8) diabetic acidosis, marked obes- 

previous 


eart failure auricular 


pulmonary embolism, Varicos- 


s in the lower extremities, thrombophle 


tis (past or present) or other states pre 
wsing to thrombosis 

\BLE 1.) MORTALITY RATE IN) 10% 
CASFS OF ACUTE MYOCARDIAL IN- 


FARCTION ACCORDING TO THE SE- 


VERITY OF THE ATTACK. 
( Pe ree nt Deaths Pe ree nt 
tal 1047 100 0 S50 33 
risk 89 1G 7 15 | 
risk” 558 5308 385 0 


Results. Of the total group of 1047 
ses. it was found that 489 or 46.7% 
ialified as havine sustained an “un- 
implicated” first attack (Table 1). The 
cath rate during the period of hospi- 
lization among these 489 “good risk” 
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patients was found to be only 3.1%. Of 
the total of 15 fatalities in the latter 
group, 7 occurred suddenly within the 
first 48 hours following admission so 
that the mortality rate during the sub- 
sequent period of hospitalization was 
only 1.7% (8 deaths in 482 cases). More- 
over, only 6 of these 8 deaths were due 
to cardiovascular complications while 
2 resulted) from unrelated 
(Table 2.) The incidence of deat! 
eardiovascular complications —amone 
“good risk” patients surviving 48 hours 
after the time of admission to the hos- 
pital, was therefore only 1.2%. Inas- 
much as more than 60% of the “good 
risk” cases in this series were admitted 
to the hospital on the dav of their at- 
tack, the figures presented would ap- 
pear to have validity for such patients. 


trom 


TABLE 2. 
DEATH 
TIENTS. 
89 CASES 


ANALYSIS OF 
AMONG “GOOD 
FIFTEEN 


CAUSFS OF 
RISK” PA- 
FATALITIES IN 


Within 48 hours 


Unrelated causes 2 
Rupture left ventricle 1 
Cerebral embolus 
Unknown 

Tetal 


Comment. Crude mortality statistics 
in unselected cases of acute myocardial 
infarction have created the impression 
that the immediate prognosis in this 
disease is always serious, regardless of 
the mildness of the attack. The state- 
ment is frequently made that the out- 
come of anv episode of acute cardiac 
infarction is unpredictable because of 
the constant threat of sudden, unex- 
pected death. Nevertheless, no. statis- 
tics have become available to indicate 
the frequency and probable time of 
occurrence of such fatalities in patients 
with “uncomplicated” first attacks who 
appear to be convalescing favorably. 
Such information might be of value to 
the clinician who at present often in- 
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dulges in pure conjecture or reserves 
opinion as to prognosis until the pa- 
tient has made an uneventful recovery. 
Our analysis indicates that only 3.14 
of the patients who sustained a first at- 
tack and presented a benign clinical 
picture at the time of admission. sub- 
sequently died during 
hospitalization. \lmost 
few moreover 


the period ol 
half of 
deaths. occurred sud 

and unexpectedly during the 
first 4S hours following admission to 


these 
denly 


the hospital. In those patients surviving 
{S hours, death from cardiovascular 
causes occurred later in the surprising- 
ly low incidence of 1.2%. 
In the light of — this 
would that) physicians should 
adopt a more optimistic attitude with 
respect to the probability of recovery 
in all “good risk” patients. When such 
have survived the first 2 or 3 

days, there would appear to be even 


evidence. it 
seem 


Cases 


greater justification for such optimism. 
The fact that almost half of the total 
number of deaths in these patients oc- 
curred within the first 48 hours of ad- 
mission to the hospital and were usual 
lv due to cardiac standstill, ventricular 
fibrillation, profound shock or conges- 
tive heart failure. 
that even in these benign cases a criti- 
cal period exists during the first few 
days following the attack. Tt also sug- 
gests a danger from the psvchic and 
physical trauma attending needless re- 
moval of many of these cases to the 
hospital at The 
vogue of administering anticoagulants 
routinely in all acute myo 
cardial infarction, requires almost. im- 


indicates however. 


such time. present 


cases of 


inediate admission to the hospital and 
thereby subjects the patient to a_ risk 
which is too frequently overlooked. In 
previous studies", we have emphasized 
that anticoagulant therapy is unlikely 
to influence the outcome in the “un- 


complicated” first attack. We have also’ 


shown that age, itself, is not a signifi- 
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cant factor in prognosis in the indi- 
vidual case*. Consequently, the favor- 
able outlook “good 
risk” patients applies to old age groups 


for recovery in 
as well as to voung. 

Summary and Conclusions. The high 
mortality 


unselected cases of 


acute myocardial infarction as revealed 


rate in 


by crude mortality statistics, has been 
responsible for considerable caution in 
the estimation of prognosis even in the 
mildest cases. No data in the past has 
been presented to show the actual risk 
to life in patients sustaining an “un- 
complicated” first attack; that is. with 
out the early advent of serious prog 
nostic signs and svmptoms. An analv- 
sis of 489 “good risk” cases in which 
ho serious prognostic criteria were ob 
served on the dav of 
vealed that: 

1. The mortality rate for this group 
during the period of 


was only 3.1%. 


admission. re- 


hospitalization 


2. Almost half of the “good risk” pa 
tients who succumbed. died suddenh 
within the first 
to the hospital. 


1S hours of admission 


3. Among “good risk” patients sur 
viving 48 hours. the subsequent death 
rate 
only 


from. cardiovascular 


t. Anticoagulant therapy which car 
ries its 


Causes Was 


and morbidity 
from hemorrhage, is unlikely to influ 
ence favorably the death rate in this 
tvpe of case. 


own mortality 


oo hospitalization for any patient 
with acute 
deemed 


myocardial infarction is 
should be d 
laved, if possible at least 48 hours in 
order to minimize the risk to life « 


tailed in transportation. 


necessary, it 


6. Physicians as well as the lai's 
should recognize that excelle:t 
prognosis exists for the “good risk” yp. 
tient with acute mvocardial infarction 
particularly when survival extends | 
yond the first few days of the atta k 
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RESULTS OF THE TREATMENT OF BLEEDING 
ESOPHAGEAL VARICES WITH BALLOON TAMPONAGE 


By B. M.D.° 


Tosy FreepMan, M.D.t 


AND 
Winsor, M.D.t 


(From the Department of Medicine, University of Southern California School of Medicine, 


and the Los Angeles County Hospital, Los Angeles, California) 


SUCCESSFUL emergency therapy of 
hemorrhage from esophageal varices 
has been rendered more important by 
the development of elective surgical 
procedures for the relief of portal hy- 
pertension. Although reports by Rown- 
tree and associates*, Barnett and 
Cohen', Patton and Johnston? and 
Sengstaken and Blakemore‘, on the use 
of balloon tamnonage for the control 
of esophageal bleeding have been opti- 
mistic, this mode of therapy does not 
appear to have been widely adopted 
as vet. 

In an attempt further to evaluate its 
effectiveness, we have analyzed the re- 
sults of the use of venous tamvonage 
in 37 patients admitted to the Los 
Angeles County Hosnital with pre- 
sumed esonhageal bleeding during a 
1-year period. 


Materials and Methods. We used the triple 
lumen tube designed by Sengstaken (Fig. 1.)4 
Complete instructions for the use of the tube 
are contained in the article by Sengstaken 
and Blakemore. After passage into the stom- 
ach the gastric balloon is inflated and pulled 
back against the cardia with moderate tension. 
The esophageal balloon is then inflated and 
connected to a sphygmomanometer so_ that 
the pressure within it can be kept at approxi- 
mately 30 mm. of mercury. The stomach is 


emptied by suction through the third and 
largest The Sengstaken tube is of 
large bore (a desirable feature for suctioning 
and rarely the nares will not permit its pas 
sage (one case in our experience). Pontocaine 


lumen. 


is of some value but can usually be omitted 
in the interest of speed. Since the tube must 
be passed slowly until both balloons ar 
through the nose, an uncooperative or nervous 
patient may regurgitate the tip. However, 
in only one instance were we unable to suc- 
cessfully insert the tube after repeated trials. 
One must be certain that the tube is passed 
into the stomach far enough for the gastric 
balloon to clear the cardia; on one occasion 
failure to do this resulted in inflation of the 
gastric balloon in the lower esophagus. The 
tube then worked its way upward until the 
upper end of the esophageal balloon partially 
occluded the trachea with disastrous results 
(Case No. 15). If the tube is passed beyond 
the 50-cm. mark and stomach contents ar 
obtained on suctioning before the 
balloon is inflited, one can be certain that 
the tube is properly positioned without the 
use of the Roentgen ray. We withdraw thi 
tube far enough to exert only mild pressure 
against the cardia, increasing the pressure 
later if bleeding is not controlled. Mild ten- 
sion on the cardia can best be maintained by 
taping the tube to a metal holder (Fig. | 
anchored on the forehead and the upper lip 
taping it to the nose or the skin of the fact 
is unsatisfactory. 

Esophageal balloon pressures between 30 
and 49 mm. of mercury were usually sufficient 
to control bleeding; there were no evidences 


gastric 


* Instructor in Medicine, University of Southern California. Present address: Department 
of Medicine, Hammersmith Hospital, London, England 

t Resident in Medicine, Los Angeles County Hospital. 

+ Supplied by the Davol Rubber Co., Providence, R.1. 
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of esophageal necrosis in the 10 patients 
who came to necropsy. Pharyngeal suctioning 
is not necessary, since saliva and respiratory 
secretions can get by the esophageal balloon 
when it is kept at these pressures. 

The gastric balloons often disintegrate after 
several days in the stomach; when this occurs 
Miller-Abbott tube balloons can be attached, 
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able attention, special nursing care is desir- 
able. 

Heavy sedation was advised by Sengstaken 
and Blakemore. Since 2 of our early patients 
(Cases No. 8 and 9) lapsed into coma shortly 
after moderate doses of phenobarb:tal, we 
have used practically no sedation except for 
occasional small doses of paraldei.yde, and 


Fic. 1—Sengstaken model tampon tube and metal anchoring device. 


ing a new one for each passage. The 
phageal balloons usually last from 20 to 
days. 

Until the stomach contents become free of 
ood particles (often several hours) the tube 
ist be irrigated frequently. One of our 
tients (Case No, 2) died with massive 
matemesis shortly after the tube had been 
noved to dislodge a clot in the suction 
nen. Since the apparatus requires consider- 


have found the tubes to be well tolerated 
regardless. 

New rubber tubing should be used for 
all manometer connections: troublesome slow 
leakage of air may otherwise result. 

In no instance was there evidence that 
removal of the tube precipitated further 
bleeding by disturbing the clot. 

The tube was used in 37 patients during the 
one year period. All were thought to have 


C} 
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cirrhosis. Hematemesis was usually the ad- 
mitting complaint; in a few instances bleeding 
began or was noted time atter entry. 
The time from the onset of hemorrhage to 
passage of the tube varied from one hour to 
several attempt to facilitate 
comparison with a control group, tamponage 
was used only in those patients with relatively 
serious hemorrhage, that. is, 


some 


days. In an 


with evi- 
dences of shock, or with a visible blood Joss 
than 500 cec., or with a drop in 
hemoglobin to less than 10.0 gm. per 100 ce. 


those 


ot more 


Results. Of the 37 patients 5 were 
eventually shown not to have bled 
from varices. The 32 remaining all had 
varices demonstrated at necropsy, 
operation, esophagoscopy, or by barium 
swallow, and presumably they bled 
from this source. These 32 patients all 
had alcoholic cirrhosis. 

Arrest OF All of the 
patients with proven esophageal varices 
had bleeding a 
short time before the passage of the 
tampon tube. Active bleeding at the 
time of the tube’s insertion was demon- 
strated in 26 by the finding of red 
bleod in the stomach. In the others the 
stomach contents contained no. fresh 
blood, but hematemesis had occurred 
a few hours previously. A reliable esti- 
mate could be made as to continuation 
or cessation of active bleeding after 
the tube was in place by the character 
of the material aspirated continuously 
from the stomach. Suction was main- 
tained for 36 to 72 hours after the in- 
sertion of the tube in most cases: in- 
termittent checks of the stomach con- 
tents were then continued until the 
tube was removed. Repeated hemo- 
globin estimations served as a check 
on the amount of bleeding: in everv 
case these correlated well with the 
character of the gastric contents. 
Major bleeding was arrested almost 
immediately in 21 out of 32 cases. The 
gastric contents usually contained small 
and progressively decreasing amounts 
of “coffee grounds” for several hours. 


shown evidence of 
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indicating that some oozing of blood 
probably 
globin 
with 
hemorrhagic 
peared. 


continued: however, hemo- 


levels were easily stabilized 
evidence of 


quickly 


transfusions and 


shock disap- 

In 9 patients the tampon appeared 
to be effective but not completely so. 
In 3 of this group moderate amounts 
of “coflee grounds” were present in the 
suction material for as long as 30 hours 
after inflation of the tube and hemo- 
globin levels fell slightly. In 4 others 
small amounts of fresh bleeding oc- 
curred in conjunction with mechanical 
complications (rupture of the gastric 
balloon, leakage of air from the eso- 
the 


a small 


regurgitation of 
In the remaining two 
amount of fresh  bkeeding 
without evident cause 


phageal balloon, 
tube ). 
occurred 
In none of these 
patients was the bleeding of a serious 
degree. 
On 2 
to be 
bleeding. 
had 
varices, a 
the junction 
from which there was evidence of re 


oceasions the tube appeared 
the 
one of these pa 


ineffective in control of 
At necronsy 
tients in addition to esovhageal 


gastric varix located 6 em 


from esophago-gastric 
cent bleeding (Case No. 5). This was 
outside the area covered by the gastric 
balloon. The other patient (Case No 
6) was moribund when the tube was 
inserted. Some fresh bleeding contin 
ved until the time of death 6 hours lat 
er. The bleeding 
found at necropsy. 


point could not be 


With the above two exceptions, non: 
of the 9 patients who died with th 
tube in place appeared to be sufferin: 
from shock. Necropsi¢ 
done on 5 of them showed no signifi 
cant amounts of blood in the upps 
gastrointestinal tract (Cases No. 8, ‘ 
11, 12 and 15). The remaining 2 di! 
not come to necropsy, but bleeding ay 
peared to be controlled and hem 
globin levels were stable at 9.0 ar 


hemorrhagic 
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7.5 gm. per 100 ce., respectively, short- 
lv before death. 

NUMBER OF BLOOD TRANSFUSIONS. 
Excluding the patient with the bleed- 
ing gastric varix, an average of 3.6 
pints of blood per patient was admin- 
istered to the tampon-treated cases. In 
the controls treated without  tampon- 
age an average of 5.6 pints of blood 
was used. In many of the latter group 
satisfactory levels were 
never attained, whereas of those cases 
treated with the tampon tube nearly 
all were restored to hemoglobin levels 
of better than 9.0’gm. per 100 ce. . 

Morratiry. In spite of the fact that 
the tube seemed to be uniformly effec- 
tive in ‘the control of major bleeding. 
there was a high mortality (47%) in 
our patients. Some of the pertinent 
data on the 15 who died are presented 
in the case reports. One bled from a 
gastric varix, so located that the gas- 
tric balloon was ineffective (Case No. 
5). Four patients died from massive 
hemorrhage after the tube had been 
(Cases No. 1, 2.3. and 4). In 
of these there was some warning 
that the bleeding had recurred but for 
various reasons tamponage was not re- 
instituted. In one patient pulmonary 
edema and partial asphyxia resulted 
from impropver placement of the tube 
Case No. 15). One exvired suddenly 

davs after removal of the tube, 24 
ours after the onset of delirium tre- 
nens. There was no clinical evidence 
{ recurrent hemorrhage, and presum- 
bly he died of delirium tremens. 
Case No. 14). 

The greater number of patients (7) 

ied in hepatic coma with jaundice. 
tupor, temperature elevation and _re- 

‘ined resviratorv secretions. This con- 

ition progressed inexorably from its 
uset 1 to 4 davs after the hemorrhage. 
1) snite of fairly good control of the 
dleeding. In some of these patients 
noderate esophageal oozing, evi- 


hemoglobin 


removed 
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denced by coffee ground material in 
the ‘gastric aspirate, reappeared in the 
last few days of life with the tube in 
place, often associated with other evi- 
dences of a generalized bleeding tend- 
ency. In no instance however did this 
bleeding appear to be significant in 
amount and the hemoglobin levels 
were not appreciably affected. The 
coma appeared shortly after the ad- 
ministration of moderate doses of 
phenobarbital in 2 patients (Cases No. 
S and 9). This may have been coin- 
cidence; in both instances the barbit- 
urate was given for restless, irrational 
behavior probably presaging the onset 
of coma. 

It is admittedly impossible to select 
a control group with completely com- 
parable severity of disease. However. 
for rough comparison we examined the 
records of the patients with the diag- 
nosis of bleeding esophageal varices 
made during the previous vear. We in- 
cluded only those cases with a clear- 
cut clinical picture of cirrhosis or with 
necropsy or surgical proof of the pres- 
ence of varices. A number of bleeding 
patients with only minor evidences of 
cirrhosis such as an alcoholic historv. 
or moderate hepatomegaly, were thus 
excluded (such patients were also ex- 
cluded, of from the group 
treated with tamponage ). In this con- 
trol group of 33 patients. the mortalitv 
was 72%. At least 7 and possibly 9 of 
the 24 deaths appeared to have re- 
sulted from hepatic coma rather than 
from the direct effects of hemorrhage. 
A number of the other patients exnired 
in a stuporous condition, but hemor- 
rhage seemed to be the major factor 
causing death. although the role of 
hepatic insufficiency was impossible to 
assess completely. 

The mortalitv of 47% in the tampon- 
treated cases, though not strikingly less 
than the control group, probably rep- 
resents an actual improvement. If the 


course, 


% 


504 REYNOLDS, FREEDMAN, WINSOR: 


4 cases whose death was theoretically 
preventable (Cases No. 1, 2, 3 and 4) 
had lived, the mortality in the tampon 
series would have dropped to 34%. 


Reports of Fatal Cases. Case No. 1 G.T.., 
male, aged 51 years, had tamponage instituted 
4 hours after a large hematemesis; it ap- 
peared to be successful in controlling the 
bleeding. After 24 hours the tube was pulled 
out by the patient who was becoming irra- 
tional. It was not replaced. Twelve hours later 
there was a large hematemesis and death. 
Cirrhosis and massive hemorrhage from 
esophageal varices were found at necropsy. 
Case No. 2. L.B., female, aged 49 years, 
was comatose at the time of passage of the 
tube, 6 hours after the onset of profuse hem- 
orrhage. The stomach washings contained 
small amounts of fresh blood for 7 hours, 
eventually clearing. At this point the tube 
became plugged and half an hour after it was 
removed for cleaning, death occurred with 
hematemesis. Necropsy disclosed cirrhosis and 
massive variceal hemorrhage. 

Case No. 3. M.S., male, aged 46 years, 
had cirrhosis with ascites. At the time of 
insertion of the tampon tube (12 hours after 
a hematemesis) there was no active bleeding. 
No bleeding occurred with the tube in place 
{5 days) but 3 days after its removal there 
was profuse hemorrhage and death in shock. 
There was no necropsy. 

Case No. 4. B.M., male, aged 42 years, 
had cirrhosis, ascites and jaundice. The tube 
was inserted during active hemorrhage of 12 
hours’ duration and remained in place for 
4 days during which time there was no 
evidence of bleeding. Two davs after the 
tube’s removal there was a sudden drop in 
hemoglobin followed shortly by massive 
hematemesis and death in shock. There was 
no necropsy. 

Case No. 5. A.H., male, aged 58 years, 
had a tampon tube inserted 6 hours after 
a large hematemesis. Extensive bleeding con- 
tinued and the tube was removed in 3 hours. 
He died in shock 2 hours later. Necropsy 
revealed cirrhosis, esophageal varices, and an 
eroded, bleeding gastric varix 3 inches from 
the cardia. 

Case No. 6. F.D., male, aged 51 years, 
had been vomiting blood for 36 hours and 
had lapsed into a stupor at the time the Seng- 
staken tube was placed in the esophagus. 
Small amounts of fresh bleeding continued 
intermittently in spite of various manipula- 
tions with the tube, but the hemoglobin level 
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did not drop further. He died in deep coma 
6 hours later. A bleeding point was not found 
at necropsy, although there were numerous 
esophageal varices and about 300 cc. of 
relatively fresh blood in the upper gastro- 
intestinal tract. 

CasE No. 7. J.D., male, aged 44 years, had 
the tampon tube passed during active pro- 
fuse hemorrhage of 12 hours’ duration and 
this appeared to control the bleeding well 
except for two short episodes associated with 
rupture of the gastric balloon. Stupor w:th a 
picture of decerebrate rigidity gradually ap- 
peared two days after insertion of the tube, 
and he expired in this state 4 days later. The 
tube was removed 36 hours before death. 
following which the hemoglobin level fell 
1 gm. per 100 cc. Necropsy findings were 
cirrhosis with varices, and 400 cc. of fresh 
blood in the stomach and duodenum. The 
brain was not examined. 

Case No. 8. T.S., male, aged 42 years, 
had cirrhosis with and _ jaundice. 
Esophageal tamponage was applied during 
active profuse hemorrhage of 8 hours’ dura- 
tion. Bleeding ceased within an hour and 
did not recur. Delirium appeared after 36 
hours, and following gr. 4 sodium _ pheno- 
barbital he lapsed into coma, in which con- 
dition he expired 24 hours later. The hemo- 
globin level was 10 gm. per 100 cc. shortly 
before death. There was no necropsy. 

Case No. 9. K.D., female, aged 45 years, 
had the tampon tube inserted 12 hours after 
the onset of repeated hematemeses; it re- 
mained in place until the patient’s death 
7 days later. Bleeding was well controlled. 
Lethargy appeared two days after passage 
of the tube (following gr. 4 sodium pheno- 
barbital) and progressed to deep coma. Nec- 
ropsy revealed cirrhosis with varices; there 
was no blood in the upper gastrointestinal 
tract. 

Case No. 10. L.L., female, aged 39 years, 
had cirrhosis with ascites. A tampon tube 
passed after 3 days of intermittent hema- 
temeses stopped major bleeding, although 
some coffee grounds oozing continued for 
24 hours. She was jaundiced, irrational and 
semi-conscious when the tube was inserted, 
and died in deep coma 30 hours later without 
evidence of bleeding. The hemoglobin level! 
shortly before death was 9.0 gm. per 100 cc 
There was no necropsy. 

Case No. 11. G.D., male, aged 38 years 
vomited blood intermittently for 48 hours 
The hemoglobin level was 7.0 gm. per 100 cc 
when the tampon was passed; it rose to 9. 
gm. per 100 cc. after two transfusions an 
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there was no further evidence of bleeding. He 
became stuporous 3 days after the bleeding 
began and died in this condition 4 days later, 
with progressive icterus and azotemia. At 
necropsy there was no evidence of recent 
bleeding; cirrhosis and esophageal varices 
were present. 

Case No. 12. N.B., male, aged 37 years, 
following a paracentosis, began to vomit 
blood and soon became stuporous. Active 
bleeding, present at the time of the insertion 
of the tampon tube, ceased immediately; 
however he expired within 24 hours in deep 
There was no blood in the upper 
gastrointestinal tract at necropsy; cirrhosis, 
ascites and esophageal varices were found. 

Case No. 13. H.K., male, aged 54 vears, 
had cirrhosis, jaundice and ascites. Shortly 
after hematemesis began, the patient became 
stuporous. Tamponage was begun 12 hours 
after the initial bleeding and was only mod- 
erately effective; there was some fresh bleed- 
ing on 3 oceasions (twice when the patient 
pulled out the tube with the balloons in- 
flated). The hemoglobin level was 5.0 gm. 
per 100 cc. when the tube was inserted, it 
rose to 9.0 gm. per 100 ce. after 1.5 liters 
of blood and was 7.5 gm. per 100 cc. a few 
hours before death. He expired with progres- 
sive coma. jaundice and azotemia 3 days after 
the initial hematemesis. There was no nec- 
ropsy. 

Case No. 14. W.M., male, aged 44 years, 
had cirrhosis with ascites. A tampon tube 
which was placed in the esophagus after a 
large hematemesis appeared to arrest bleed- 
ing satisfactorily. Delirium tremens developed 
3 davs later and the tube was removed. The 
next morning he was found dead in bed with 
no evidence of bleeding. There was no 
necropsy. 

Case No. 15. J.M., male, aged 32 years. had 
the esonhageal tube passed 2 hours after a 
large hematemesis, and it appeared effec- 
tively to control the bleeding. The following 
day tachypnea, fever, tachycardia and cyan- 
osis were noted; he expired 8 hours later. At 
postmortem the gastric balloon was found 
inflated in the esophagus, 3 cm. above the 
cardia, and the upper end of the esophageal 
balloon partially occluded the trachea. Blood- 
stained mucus was present in both bronchi, 
the right lung was atelectatic and the left 
edematous. There were esophageal varices 
with a bleeding point 9 cm. from the cardia: 
the stomach contained no blood. 


coma. 


Discussion. The fact that with the 
exception of the patient with gastric 
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varices there was only one instance of 
major hemorrhage with the tampon 
tube in place seems definite evidence 
of its value in controlling variceal 
bleeding. Better attention to the care 
and mechanics of the apparatus, which 
would have been possible had special 
nursing care been available for more 
than a small fraction of the patients. 
doubtless would have reduced the inci- 
dence of minor bleeding. Nevertheless 
the mortality of the treated group was 
disappointingly high. Actually, it was 
slightly lower than in the control 
group, and would have been consider- 
ably lower if Cases No. 1, 2, 3 and 4, 
whose death was theoretically pre- 
ventable, had lived. 

It remains that there was a large 
group of patients with hepatic coma 
whose fatal progression was not ob- 
viously influenced by control of the 
hemorrhage. In a similarly large per- 
centage of patients in the control group, 
hepatic coma rather than shock from 
hemorrhage appeared to be the prin- 
cipal cause of death. The role of the 
hemorrhage in the pathogenesis of the 
coma in these cases is difficult to 
assess. It might be argued that hemor- 
rhage was merely a manifestation of 
hepatic failure accompanying the more 
serious phenomenon of coma. It seems 
more logical and more hopeful from a 
therapeutic standpoint that hemorrhage 
and resultant shock were trigger me- 
chanisms in the development of coma. 
and that possibly earlier treatment of 
the hemorrhage might reduce the in- 
cidence of the fatal complication. 

VALUE OF TAMPONAGE IN DIFFER- 
ENTIAL DraGNnosis. Since in our cases 
the tampon tube was highly effective 
in stopping major bleeding from esoph- 
ageal varices, we feel that it has 
some value in differential diagnosis. 
The tube was inserted in 6 patients 
subsequently shown to be bleeding from 
lesions other than esophageal varices. 
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In every case except one, significant 
hemorrhage continued. One of these 
patients (previously mentioned) had 
cirrhosis and a bleeding gastric varix. 
Two had cirrhosis and bleeding peptic 
ulcers. Two had bleeding from duo- 
denal ulcers alone. One had an aortic 
aneurysm which ruptured the 
esophagus. 


into 


On the basis of our experience, then, 
we would feel quite confident in saying 
that if further major bleeding con- 
tinues after insertion of the tampon 
tube the other 
than esophageal varices, and surgery 
may be indicated. The 
suming that because the bleeding stop- 
ped it had been due to esophageal 
varices, could lead to diagnostic error. 
as it did in one of our cases with cir- 


source is somewhere 


converse, as- 


rhosis and a gastric ulcer. 

Summary. The Sengstaken model 
tampon tube was employed in 37 
tients with hematemesis, 32 of whom 
proved to have bleeding varices due to 
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cirrhosis. Factors relating to the tech- 
nique of the use of the tube are dis- 
cussed. 

The tube was found to be so uni- 
formly effective in the control of major 
variceal bleeding that considerable re- 
liance could be placed on it in the 
differential diagnosis of hematemesis. 

In spite of the tube’s effectiveness, 
high mortality in’ the 
treated patients, due, respectively, to 


there was a 


hepatic coma (7 cases), hemorrhage 
after removal of the tube (4 cases), a 
combination of hepatic coma and un- 
checked 


varices (1 case), delirium tremens (1 


bleeding (1 case), gastric 
case) and incorrect placement of the 
tube (1 case). 

On the basis of our experience, we 
advise routine use of balloon tampon- 
variceal bleeding. 
Early use may help to decrease the dis- 


age suspected 


appointingly high incidence of hepatic 
coma. 
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Pain associated with acute  pan- 
creatitis is ordinarily of such severity 
that its relief is one of the major ob- 
jectives of treatment. To relieve pain 
in this disorder, various drugs, nerve- 
blocking procedures, or combinations 
of these have been used with differing 
success. Since July, 1950, we have used 
fractional epidural block for this pur- 
pose with gratifving results. This re- 
port is intended to describe the pro- 
cedure and our experiences with it as 
an adjuvant in the treatment of acute 
pancreatitis. 

RATIONALE. In order to appreciate 
the rationale underlying the use of 
epidural block to relieve the pain of 
pancreatitis, it is necessary to 
ear in mind the innervation of the 
pancreas and the relationship of these 
ierves to the epidural compartment. 

The sympathetic innervation of the 
ancreas has its origin in cell bodies 
ocated in the lower thoracic spinal 
ord. From these bodies preganglionic 
eurones arise which emerge from the 
ord through the ventral roots of the 
orresponding thoracic spinal nerves 
oth to 11th according to Pitkin®], pass 
the white rami communicantes 
0 reach the corresponding sympathetic 
anglia, and then continue without in- 
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terruption along the splanchnic nerves 
to the celiac ganglia. Here synaptic 
connection is made with cell bodies 
from which postganglionic fibers arise. 
These in turn course through the sub- 
sidiary divisions of the celiac plexus. 
in company with fibers from the vagus 
nerves, to end eventually at effector 
points in the pancreas. 

The visceral afferent nerves  trans- 
mitting pain sensation from the pan- 
creas are known to traverse the celiac 
plexus, the splanchnic nerves and the 
sympathetic chains on both sides*. 


From the ganglionated sympathetic 
trunk these fibers pass next through 
the white rami communicantes and 
eventually terminate cell bodies 


situated in the posterior root ganglia 
of the lower thoracic and possibly the 
upper lumbar spinal nerves. Central 
branches, arising from these cell 
bodies, apparently continue through 
the posterior roots of the correspond- 
ing spinal nerves to reach the cord. 
It is to be emphasized that the precise 
pathways and segmental arrangement 


of the visceral afferent nerves: from the 


pancreas have not been clearly estab- 
lished™ It would seem, however, from 
the effects of various nerve operations 
designed’ to interrupt pain pathways 
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from the pancreas‘, from certain ex- 
perimental observations on pain trans- 
mission from the pancreas', and from 
accumulated experience with segmental 
block applied to secure anesthesia for 
surgery of the pancreas‘, that the prin- 
cipal pathway for pain transmission 
from the pancreas is along the greater 
splanchnic nerves, involving chiefly 
those visceral afferent fibers situated at 
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to the 8th thoracic spinal cord seg- 
ment. The epidural space at this point 
envelops the spinal cord and extends 
for a short and variable distance over 
both anterior and posterior roots at 
their junction with the cord (Fig. 2.) It 
is apparent, therefore, that an anesthe- 
tic solution strategically placed in the 
epidural space at the level of TS, and 
diffusing from this point to other levels 


Fic. 1.—Diagram Showing Catheter in Epidural Space and Relationship of Tip to Origin 

of Sympathetic Nerve Supply to Pancreas and Principal Visceral Afferent Fibers Transmitting 

Pain Sensation from Pancreas. (Modified from: Orr, R. B., and Warren, kK. W.: Continuous 
Epidural Analgesia in Acute Pancreatitis, Lahey Clin. Bull. 6, 204, 1950). 


the 7th, 8th and 9th spinal cord seg- 
ments. 

The procedure of epidural block as 
we have employed it in the treatment 
of acute pancreatitis, consists essen- 
tially of injecting anesthetic solution 
through a catheter introduced into the 
epidural space in such fashion that 


its tip is at the level of the interspace ° 


between the 5th and 6th thoracic ver- 
tebrae (Fig. 1). This level corresponds 


of the cord, would affect not only those 
visceral afferent fibers most concerned 
with the transmission of pain from the 
pancreas, but also many of the somat 

afferent nerve fibers transmitting pain 
from the parietal structures adjace)t 
to the pancreas. In addition, an epi- 
durally situated anesthetic acting «1 
the cord and its corresponding ner\e 
roots from a central point at the lev | 
of T8, would affect a considerable px 
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tion, and probably the principal com- 
ponents, of the sympathetic innerva- 
tion of the pancreas, including vaso- 
constrictor fibers distributed to this 
organ. 

The foregoing considerations make 
it clear that fractional epidural block 
is peculiarly suited, theoretically at 
least, to relieve the pain of acute pan- 
creatitis. Moreover, it is without many 
of the drawbacks of the more com- 
monly employed procedure of para- 
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severe; and 6) hypotension is less apt 
to develop, probably because sympa- 
thetic interruption is ordinarily not as 
extensive as a result of the focalization 
made possible by the catheter and the 
relatively small volume of anesthetic 
solution. 


Technique. The technique we employ is 
basically a modification of the procedure of 
Hingson and Southworth*?. The patient is 
placed on the left side with the knees and 
neck sharply flexed. The interspace between 


Fic. 2. 


Diagrammatic Representation of Epidural Space in Thoracic Spinal Cord and _ Its 


Relationship to the Posterior and Anterior Spinal Nerve Roots (A-Epidural Space; B-Subdural 
Space; C-Subarachnoid Space). 


vertebral sympathetic block. Among its 
advantages over sympathetic block are 
the following: 1) analgesia is bilateral; 
2) somatic as well as visceral afferent 
pain fibers are regularly affected; 3) re- 
peated instillations of anesthetic solu- 
tion may be made through the indwell- 
ing catheter without each time subject- 
ing the patient to the discomfort of 
multiple injections; 4) the technique is 
generally easier to carry out once it has 
been mastered; 5) complications, in our 
experience at least, are fewer and less 


the Ist and 2nd lumbar vertebrae is the one 
preferred for entry. If for one reason or an- 
other entry cannot be effected here, one of 
the lower thoracic interspaces may be used 
instead. A skin wheal is made with 1% pro- 
caine solution over the selected interspace 
and through this a No. 16 gauge Tuohy- 
Huber pointed needle is introduced (Fig. 3). 
Insertion is always in the mid-line but the 
angle at which the needle is directed inward 
depends upon the interspace chosen and its 
anatomic characteristics. As the needle is in- 
troduced, considerable resistance is commonly 
met at 3 points where ligamentous structures 
are encountered. The first of these is at the 
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where there is 
owing to the 
of the bevel of the needle and the density ot 
Definite but marked re 
sistance is next met when the needle reaches 


supraspinous ligament con- 


siderable resistance bluntness 


the ligament. less 
the infraspinous ligament. The third point ot 
principal resistance is encountered when the 
reached. It 


indicating 


flavum is 
this 


ligamentum bone is 
identified at that the 
needle has been introduced too much cephalad 


point, 


or caudad and is engaging the lamina of the 
vertebra, the withdrawn andre 


After reach 


needle is 
inserted at a more suitable angle 


ing the ligamentum flavum, the stylet is with 
drawn and a few drops of sterile procaine 
solution or saline are placed in the hub of 
the need Che needle is then advanced 
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drip of fluid from the catheter. thereby tur- 


ther confirming its position in the epidural 


of anesthetic solu 


consists of 1% 


space, a test dose of 2 cx 


tion is injected’ through it. anesthetic 


preparation we use procaine 
10,000) nordetrin 


in physiologic 


hydrochloride and 1 hvdro- 


chloride (Cobetrin ) saline so 
lution. Lf the 


Arad hnoid space, 


catheter is by error in the sub 
sensory anesthesia and motor 
within 2 to 5 
the re 


is no evidence of significant anesthesia within 


paralysis are usually apparent 


minutes; if it is in the epidural space 
this period of time at the levels corresponding 
to the position of the tip of the catheter 
Should the catheter to be in the 
arachnoid space, it is immediately withdrawn 
It the test 


prove sub 


dose confirms its position in the 


rt 
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}.—Photograph of Tuohy-Huber 


through the ligamentum flavum 
until a definite “snap” is felt, indicating pene 


tration of 


carefully 


the ligament and entry into the 
epidural space. At this point the solution in 
the hub of the needle disappears into the 
shaft (the so-called drop sign of Gutierrez* ) 
due to the 
the epidural space. 

rhe along the vertebral column 
from the point of entry of the needle to the 
interspace between the 5th and 6th thoracic 
vertebrae is measured on the patient’s back. 
\ No. 4 French ureteral catheter (Fig. 3) 
is then inserted through the needle and di- 
rected cephalad the determined distance nec- 
essary for the tip of the catheter to reach 
the latter level (Fig. 1). If there is no free 


negative pressure now existing in 


distance 


Pointed 
(4 Fr.) Used tor E 


Needle (16 Gauge 
pidural Block, 


and Ureteral Catheter 


epidural space, 10 cc. of anesthetic solution 


is injected. In the event relieved 
within 20 


duced. The catheter is then clamped and per- 


pain 1s not 


minutes, another 10 cc. is intro 


mitted to remain in place. At intervals, when 
further block becomes necessary, the clamp 
anesthetic solution is 
injected through the catheter. 

As our experience with epidural block in 
instituted the 
epidural block with 24% 
caine for 


Is removed and more 


creased, we policy of using 


rather than 1% pro 


operative anesthesia in all 


Cases 
subjected to exploration because of an acute 
abdominal condition of uncertain cause. If 


acute pancreatitis was found at operation in 
such cases, the catheter was left in place for 


subsequent injections of 1% procaine as_ re 
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quired. In patients with acute pancreatitis 
operated on under a mistaken diagnosis of 
some other condition, we now introduce the 
epidural catheter at the conclusion of the 
operation but postpone all injections, includ- 
ing the test injection to prove the location of 
the catheter, until after full recovery from 
the anesthesia employed during operation. 


Results. Since July, 1950, we have 
done fractional epidural block 14 times 
in 12 patients with acute pancreatitis. 
Of the 12. 9 were males and 3 were 
females. ranging in age from 21 to 75 
with a mean of 404 vears. Eight of 
the 12 were treated during primary at- 
tacks while 4 gave a history of pre- 
vious episodes of similar nature. One 
of the latter, however, also had gall- 
stone disease and the previous attacks 
may have been due to this rather than 
to recurrent pancreatitis. Two patients 
were treated on 2 different occasions: 
one during his initial attack and again 
during a subsequent recurrence, the 
other during 2 separate acute relapses. 
Diagnosis was confirmed at autopsy 
in the 2 patients who died and _ at 
operation in 5 others. In 2 of the latter, 
the confirming operation was done 
earlier at other institutions during the 
primary attack. The diagnosis in the 
remaining 5 cases was based on the 
clinical features and abnormally 
elevated serum amylase values. Two 
of the 5 were operated upon after sub- 
sidence of the acute attack because of 
gallstone disease in one and suspicion 
of pancreatic cyst in the other; in both 
cases the pancreas was found to be in- 
durated. In the remaining 3 cases in 
which established on 
the basis of clinical and laboratory fea- 
tures alone, the highest recorded serum 
imylase values were 1450, 1810 and 
sreater than 3100 units (Somogyi) in 
each respectively. 

Of the 12 patients treated by means 
of epidural block, the results were con- 
sidered good in 9, fair in 1, and poor 
in 2. In the group of 9 with good re- 


diagnosis was 
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sults, 2 were treated twice on different 
admissions for acute recurrences. The 
type of pancreatitis was established by 
observation at operation in 2 of the 
cases in this group; fat necrosis was 
present in one and absent in the other. 
In each case in which the results were 
classified as good, subjective imvrove- 
ment was striking. Almost immediately 
after the block, pain disappeared, ab- 
dominal tenderness and muscle guard- 
ing were sharply reduced, and vomit- 
ing usually stopped. The frequency 
with which fractional instillations of 
anesthetic solution had to be intro- 
duced throuch the indwelling epidural 
catheter, and the total number of such 
instillations, varied from case to case. 
In most instances in this group of 9 
with good results, additional injections 
were made at intervals of from 18 to 
24 hours for 4 or 5 days, but in 2 cases 
only one injection was required. 

The one patient with a fair result 
was demonstrated at operation to have 
extensive hemorrhagic necrosis of the 
pancreas. Pain was relieved by epi- 
dural block but the period of relief 
was short. In this case fractional in- 
stillations were required about every 
6 hours throughout the first 2 days 
after operation. After this the inter- 
val was lengthened to 12 and then to 
24 hours and the catheter was finally 
removed after one week. Secondary 
operation had to be done because of 
duodenal fistula) but recovery. was 
eventually complete. 

Of the 2 cases in which the results 
were classified as poor, very slight 
amelioration of pain followed epidural 
block in one. This was a case of acute 
pancreatitis developing 8 davs after 
partial gastrectomy done because of 
hemorrhage. Death occurred 7 days 
after onset of pancreatitis. The other 
patient, a 73-vear-old man, was re- 
lieved after initial block but exhibited 
peripheral vascular collapse after the 
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second instillation of anesthetic solu- 
tion. He eventually died 9 days later 
of his disease without receiving further 
injections. Extensive hemorrhagic ne- 
crosis of the pancreas was found on 
postmortem examination. 

In addition to the patient just cited, 
untoward reactions consisting prin- 
cipally of sudden drop of blood pres- 
sure, occurred in 2 other cases. In one 
of these there was difficulty in breath- 
ing and a temporarily unobtainable 
blood pressure immediately after the 
initial block. The patient reacted 
promptly, however, and was given a 
total of 13 subsequent instillations on 
2 different admissions to the hospital 
without further difficulty. In the other 
case, a sudden lowering of blood pres- 
sure followed the third instillation. The 
latter was given through a new catheter 
introduced into the epidural space 
after the catheter used for the first 2 in- 
jections became blocked and had to be 
withdrawn. Blood pressure rapidly re- 
turned to normal after administration 
of vasopressor agents and the patient 
did not appear to have been harmed 
by the occurrence. It was thought that 
the reaction in this case was due to un- 
recognized entry of the re-introduced 
catheter into the subarachnoid rather 
than the epidural space. 

An occasional patient complained of 
local pain or discomfort at the site of 
insertion of the catheter, but this was 
never pronounced. Each patient  re- 
ceived some antibiotic throughout the 
period that the catheter was in place, 
both as treatment for the pancreatitis 
and as prophylaxis against infection in 
the tissues exposed to the catheter. In 
no case did infection develop in the 
epidural space or in the tissues at the 
site of entry, even when the catheter 
was kept in place for as long as a 
week. 

Discussion. In January, 1950, Orr 
and Warren®, prompted by failure to 
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secure consistent relief of pain in acute 
pancreatitis by means of paravertebral 
sympathetic block, described the use of 
“continuous” epidural block in one case 
developing after subtotal gastric re- 
section. Pain was effectively controlled 
and the procedure appeared to be of 
benefit even though the patient eventu 
ally died. Six months later, Warren" 
reported that he and his associates had 
extended the use of this procedure to 
other cases. The results were consid- 
ered by them to be highly encouraging 
but no factual data were supplied. Our 
experience is in keeping with that of 
these observers. It is important to note, 
however, that despite the remarkable 
relief of pain and pronounced improve- 
ment in sense of well-being after epi- 
dural block in the majority of our va- 
tients. the over-all course of the dis 
ease did not appear to have been signi 
ficantly altered. Judged by the dura- 
tion of fever and persistence of ele 
vated serum amylase values, those pa- 
tients receiving epidural block did not 
differ significantly from others treated 
by us with all other measures except 
epidural block. 

Confirmatory of what we noted to 
be the effect of epidural block on pain 
and the clinical course of acute pan- 
creatitis. were observations made by 
Dr. Paul Casey of our laboratory in a 
group of dogs with experimentally pro- 
duced acute pancreatitis*. The epi- 
dural catheter was introduced in these 
animals at the time acute pancreatitis 
was produced. One per cent procaine 
solution was injected throuch the 
catheter 24 hours after overation and 
then everv 12 hours for 3 davs. Dogs 
so treated seemed to be comfortable 
ate all food offered, and showed re- 
laxed abdominal walls. In contrast, al! 
control dogs appeared ill, vomited. re 
fused to eat, did not sleep and had 
tense and often rigid abdominal walls 
Despite these obvious differences, 4 0! 
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the 10 dogs treated with epidural block 
died as compared with 5 of the 10 con- 
trol dogs. Moreover, duration of life 
in dogs who died was no greater in 
those receiving epidural block than in 
those who did not. 

Conclusions. (1) Fractional epidural 
block is a valuable but not invariably 
effective means of controlling pain in 


ACUTE PANCREATITIS 
severe acute pancreatitis. 

(2) Even when it succeeds in abolish- 
ing pain, fractional epidural block does 
not appear to alter the disease process 
itself. 

(3) Fractional epidural block should 
be considered a useful adjunct to but 
not a substitute for other therapeutic 
measures in severe acute pancreatitis. 
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Tue cephalin flocculation thy- 
mol turbidity tests have been repeated- 
ly investigated and their value estab- 
lished as tests of liver function'’:'®. The 
colloidal red test of more recent date 
has been the subject of relatively few 
The colloidal red 
test is the simplest of the flocculation 
tests to perform. Unlike the cephalin 
flocculation test, it may be carried out 
on retrigerated serum'. These advan- 
tages offer practical reasons for intro- 
ducing the tests into the laboratory 
and epidemiological surveys. The pur- 


imvestigations 


pose of this paper is further to assess 
the colloidal red procedure as a test of 
liver dysfunction. 


Material for Study. The data represent an 
arbitrary selection of 135 serums_ presenting 
either a positive cephalin flocculation (CC)* 
or thymol turbidity (TT)!2-2°, Colloidal red 
tests (CR) were subsequently performed with- 
in 48 hours on these same sera, some of 
which had been refrigerated. The findings 
were considered in conjunction with other 
laboratory data and the clinical histories. It 
was found that a correct diagnosis had been 
made in LO7 cases based upon careful clinical, 
radiological or laboratory evidence. In 25 in- 
stances, diagnosis was confirmed by opera- 
tion, biopsy or necropsy. Of the tests specifi- 
cally related to liver function the following 
were utilized: (a) total protein®, performed 
92 times; (b) cholesterol!5, 41 times; (c) bili- 
rubin, both direct and indirect?1, 44 times: 
(d) bromsulphalein!’, 40 times; (e) alkaline 
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phosphatase, 23 times; (f) phospholipids!®, 20 
times: and (g) cholesterol esters!5, 20° times 
Popper in a study of liver function tests as 
] 


signed his results a value of 0, 
3 -- and compared the tests on this basis! 
Here the results were similarly treated. A 
colloidal red value of O or 1 + was con 


sidered as of no significance? while a 5 


colloidal red was assigned a value of 3 

The colloidal red test was performed ac 
cording to the original instructions of Ducci 
ind appeared to be of suitable color intensity 
although it was not compared with 10 
aqueous cobalt. 


Results. The main results of this 
study are given in Tables 1, 2, and 3 
Table ] presents the assembled Cases 
with the result of the 3 flocculation 
tests. Table 2 correlates the 3 floccula 
tion tests. Table 3 gives the correlation 
of those cases presenting jaundice with 
the flocculation tests. 

CoRRELATION OF COoLLOmAL Rep 
Test with CEPHALIN FLOCCULATION 
Tursipiry Tests. After the data wer 
assembled, it was found that the stud 
represented a wide selection of condi 
tions, including 27 cases of portal cin 
hosis, 9 cases of viral hepatitis, 7 cases 
of cholecystitis, 3 cases of biliary cin 
hosis, 1 case of cardiac cirrhosis and 
case of duct stricture, as well as a larg: 
number of miscellaneous diseases. Ret 
erence to Table 1 shows that in an 
diagnostic group, the Colloidal red tes 
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showed fewer positive tests than did 
the thymol turbidity test. This slight 
but definite difference between the re- 
sults of the two tests was found in 
nearly all instances to be in those cases 
showing slight or borderline liver dys- 
function. Here a typical reading would 
be 0 to 1 + CR; a 1+ to 2 + CC and 
6 to 8 TT units. By the standards of 
this study the CR was considered neg- 
ative while the TT 
positive. 


was considered 


TABLE 1 
CR Colloidal Red: CC 


AVER 


LIVER FLOCCULATION 


Cephalin Floceulation: TT 


FUNCTION ‘TESTS oly 
the case of infectious mononucleosis, 
no reason for the positive colloidal red 
test could be detected clinically or by 
other laboratory tests, such as brom- 
sulphthalein, protein or icteric index. 
In the presence of positive CR, liver 
alteration is probably present®. Other 
correlations of disease with the floccu- 
lation tests are presented in Table 2. 

The colloidal red tests in this study 
were generally performed during the 
time that parenchymal damage was at 


TESTS IN VARIOUS DISEASES 


Thymol Turbidity 


Total 
Total Total combined 
Diagnosis CURES CR tests tests Pos. CR Pos. CC Pos. TT 
Portal cirrhosis 27 32 16 21 22 
Viral hepatitis 9 12 7 7 9 
Cardiac cirrhosis 1 | 0 
Cholecystitis and cholelithiasis 7 7 2 6 6 
Biliary cirrhosis 8 2 2 2 2 
Duet stricture l l 0 0 0 
Gastrointestinal disease 9 9 6 
Pulmonary disease 6 6 6 2 t 2 
( ardiovase ular disease and blood 
dyserasia IS IS 10 
Trauma 1 1 0 1 
Lymphoma 3 3 $ 0 
Malignant tumor 2 2 2 0 l 1 
Diabetes mellitus 0 2 
Infectious disease 2 7) 
No diagnosis 19 19 10 $ 9 S 
Total 122 138 119 th 72 Sl 
The 6 miscellaneous cases giving its hei¢ht. During this time both the 


sitive colloidal red, cephalin floccu- 
ation and thymol turbidity tests prob- 
ibly represent instances of secondary 
ver impairment. They include tropical 
prue associated with advanced emaci- 
tion, arteriosclerotic heart disease in 
tilure, 2 cases of infectious mononu- 
eosis, one case of rheumatoid arthritis 
severe degree and one case of dis- 
nineted lupus erythematosus. In 5 of 
se cases, there was some alteration 
the A/G ratio of 1 to 2 plus degree 
rmality, and this is the probable 
‘mation for the positive results. In 


cevhalin flocculation and thymol tur- 
bidity were positive. There is, 
therefore. justification in comparison 
of the colloidal red test with the other 
tests under equal conditions. 
CORRELATION OF COLLOIDAL 
Test wirn Orner Tests oF 


also 


RED 
LIVER 


Function. In this study, serum protein 
studies were performed 92 times in 
conjunction with the colloidal red test. 
In 13 cases of parenchymatous liver 
damage.associated with reversal of the 
A/G ratio, the CR as well as the CC 
and TT were positive. In 22 out of 37 


516 ORRAHOOD, OSWALD: 


cases of well established parenchymat- 
ous liver damage, there was no ab- 
normality of the A/G ratio yet the CR 
as well as CC and TT were positive. 
Finally, 37 positive and 55 negative 
CR were compared with 92 studies on 
total protein. The attempted correla- 
tion revealed the following: 1) The CR 
was positive 17 times in the presence 


TABLE 2. 


LIVER FUNCTION 


TESTS 


ondary to viral hepatitis, the alkaline 
phosphatase test, performed in 5 in- 
stances, ranged from 10 to 20 units. 
In each instance, in which there was 
concurrent liver cell damage the CR 
was positive. In 2 cases of obstructive 
jaundice the CR was negative in the 
presence of an alkaline phosphatase 
test which was between 15 and 18 


CORRELATION OF FLOCCULATION TESTS 
(POSITIVE AND NEGATIVE CASES) 


CR = Colloidal Red; CC = Cephalin Flocculation; TT = Thymol Turbidity 
1 2 3 5 6 8 
CR+ CR-— CR— CR+ CR-— CR+ CR+ CR 
CEO+ CC+ CC CCO+ CC+ CC 
Diganosis Tests TT+ TT+ TT TT (T+ TT+ TT rT 
Portal cirrhosis $2 16 4+ 2 0 + 2 1 8 
Viral hepatitis 12 6 2 0 0 3 l 0 0 
Cardiac cirrhosis 1 0 0 0 0 0 1 0 0 
Cholecystitis and cholelithiasis 7 2 1 1 0 3 0 0 0 
Biliary cirrhosis 2 1 1 0 0 0 0 0 0 
Duct stricture 1 0 0 0 0 0 0 0 1 
Miscellaneous 64 6 13 10 3 13 $ 1 14 
Total 119 31 21 18 3 23 ba 2 18 


TABLE 3. 


(CR = Colloidal Red; CC 

Diagnosis Cases 
Portal cirrhosis 9 
Viral hepatitis 10 
Cholecystitis and cholelithiasis l 
Duct obstruction | 
Biliary cirrhosis 1 
Infectious disease | 
Cardiovascular 2 
Lymphoma 1 
Lupus erythematosus 1 

Total 27 


of an A/G reversal. 2) The CR was 
positive in 16 out of 51 tests when the 
albumin was below normal values. The 
CR was positive 4 times out of 14 
when there was a variation in the 
globulin. 

The alkaline phosphatase test was 
performed in 23 instances. Without 
reference to jaundice, there appeared 
to be little correlation with the CR 
test. In parenchymatous jaundice sec- 


= Cephalin Flocculation; TT 


LIVER FLOCCULATION TESTS IN THE PRESENCE OF JAUNDICE 


= Thymol Turbidity) 


Positive CR Positive Positire TT 


7 9 9 
7 8 10 
0 0 0 
0 0 0 
1 1 
1 ] 
0 0 0 
0 1 1 
l 1 1 
17 21 23 


units. In one case obstructive jaundice 
with secondary biliary cirrhosis, the 
CR was positive while the alkaline 
phosphatase was 17 units. 
Twenty-seven cases in this study 
were associated with jaundice. As 
would be expected, the CR was nearly 
always positive in those cases associ- 
ated with parenchymal structural or 
functional damage. These results are 


listed in Table 3. 
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Bromsulphthalein tests were per- 
formed on 40 different serums. In 70% 
of the cases, the CR correlated favor- 
ably with the BSP. The most frequent- 
ly occurring dissociation of a high BSP 
value with negative CR occurred in 
cases with right-sided heart failure and 
hepatomegaly. In 6 instances, the 
bromsulphthalein excretion presented 
high bizarre values for no apparent 


reason!!, 
The total cholesterol was deter- 
mined in 41 cases. The cholesterol 


esters and phospholipids were deter- 
mined in 20 of these instances. Except 
for 3 instances of biliary cirrhosis sec- 
ondary to bile duct obstruction, the CR 
showed little correlation with the value 
of the lipid study. Similar results were 
found when the lipid studies were 
compared with CC and TT tests. 

Discussion. Oppenheim" has pointed 
out the variation in the CR, TT and 
CC tests, and this was also noted in 
the present study. The TT is the most 
sensitive to an altered albumin glob- 
ulin ratio. Nevertheless, the concur- 
rent presence of 3 positive tests usual- 
ly indicated a significant alteration of 
liver function, while a single positive 
test indicated slight or no liver impair- 
ment. The TT was more likely to be 
positive in cases of rheumatoid arthritis 
and right-sided heart failure. It would 
appear that the 3 tests give a truer pic- 
ture of liver impairment than any 2 
tests. 

The comparatively low value of the 
alkaline phosphatase in 3 cases of ob- 
structive jaundice can possibly be ex- 
plained on the basis of the intermittent 
nature of the jaundice known to be 
present in these instances. Again, the 
positive CR in one case of obstructive 
jaundice occurred in the presence of 
biliary cirrhosis. With these exceptions, 
\laclagan’s™ thesis, that early jaundice 
is in general characterized by high al- 
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-kaline phosphatase values and negative 


flocculation tests, is confirmed. 

Ducci* has shown by in vitro experi- 
ments that albumin has an inhibiting 
effect on the colloidal red suspension. 
On the contrary, globulin has a floccu- 
lating effect. On the basis of this ob- 
servation, it was presumed that the 
serum protein alterations would be re- 
flected in the CR. This was not the 
case. The proteins were, however. 
measured by the Howe salt method’, 
and Kibrich and Clements*, using an 
alcoholic precipitation method, pro- 
duced a more favorable correlation 
with CC and TT. In this latter proce- 
dure, the alpha globulins are also 
precipitated. 

Jones? has adequately summarized 
the problems involved in correlating 
serum lipids with liver disease. The 
occurrence of hypercholesterolemia in 
patients with obstructive jaundice is 
well established and is ascribed to the 
increased concentration of free choles- 
terol. Our studies were in accord with 
this observation. 

Summary. The colloidal red, cenha- 
lin flocculation and thymol turbidity 
tests were compared with other liver 
function tests. The colloidal red test 
compares favorably with thymol tur- 
bidity, cephalin flocculation and other 
tests of liver function. An attempt was 
made to explain the discrepancies 
where these existed. The correlation of 
colloidal red tests and protein levels as 
determined by salt precipitation was 
not as favorable as would be exnected 
from in vitro experiments. Finally. the 
colloidal red test is recommended for 
a routine procedure in detection and 
assessment of impaired liver function 
on the basis of simplicity and accuracy, 
especially when used in conjunction 
with one or both of the flocculation 
tests (thymol turbidity or cephalin 
flocculation). 


DIS 
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THE COEXISTENCE OF CARCINOMA OF THE STOMACH 
AND ESOPHAGEAL HIATUS GASTRIC HERNIA 
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THe coexistence of carcinoma of the 
stomach and hiatus hernia occurs in- 
frequently. The purpose of this report 
is threefold: 1) to collect all recorded 
cases of hiatus hernia associated with 
carcinoma of the stomach, 2) to estab- 
lish the incidence of such coexistence, 
and 3) to compare the difference in 
the incidence of carcinoma coexisting 
with hiatus hernia and that of gastric 
carcinoma without hiatus hernia. 

The general incidence of the coex- 
istence of carcinoma of the stomach 
with hiatus hernia in rou- 
tine gastrointestinal Roentgen studies 
is extremely low. In 6,000 gastrointes- 
tinal Morein*! found 2 
cases, an incidence of 0.03%. 

The incidence of gastric carcinoma 
mong hiatus hernia cases varies from 

to 8%. In 110 cases of hiatus 
hernia we found 3 cases with carcinoma 
{ the stomach, or 2.73%. Of a total of 
175 cases of hiatus hernia, there were 

5) with gastric carcinoma, an incidence 

f 3.16%. 

Dorfman®, in 1950, reviewed the lit- 

rature, found 29 cases of gastric car- 

noma coexisting with hiatus hernia 
ud short esophagus. In the present 
irvey we were able to find 43 recorded 
ises, to which we have added 3 of 
ur own, making a total of 46 cases 
ccorded up to 1952. Smithers?* quoted 
ohnstone!® as having recorded 5 cases, 
nd Allison’ is cited as having seen 

‘veral cases of carcinoma of the 

‘omach associated with short esopha- 


issociated 


examinations, 


our 


MARYLAND 


gus. Since no mention was made of 
the site of the carcinoma in their cases, 
these were not included in this paper. 
It must be pointed out, however, that 
there are probably a number of other 
cases recorded in the literature which 
were not available for this study. 

It was of interest to compare the in- 
cidence of gastric carcinoma associated 
with hiatus hernia with that of gastric 
carcinoma in the absence of hiatus 
hernia, to determine whether such can- 
cer is more prevalent in persons with 
hiatus hernia. Since both affections 
commonly occur in the same age group, 
the comparison should yield significant 
information concerning the incidence 
of the coexistence of the two condi- 
tions. The incidence of hiatus hernia 
varies from 1 to 3.5%°. Johnstone et al.17 
found that esophageal hiatus hernia 
and short esophagus occur in 2% of all 
gastrointestinal Roentgen studies. The 
incidence of carcinoma of the stomach 
is approximately the same in percent- 
age as that of hiatus hernia. Accord- 
ing to Bockus*, from 2 to 4% of all 
adults die of gastric carcinoma. Since 
the coexistence of gastric carcinoma 
with hiatus hernia ocurred in 3.16%, the 
difference in the incidence of gastric 
carcinoma with and without hiatus 
hernia is not statistically significant. We 
are, therefore, of the opinion that the 
coexistence of carcinoma of the stomach 
with hiatus hernia is a purely coinci- 
dental finding. Bockus* has expressed 
a similar opinion, but without present- 
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ing statistical data, stating that cancer 
of the stomach occurs in patients with 
hiatus hernia, but probably not more 
often than its normal expectancy. 


Case Reports. Case 7. 
complained — of 


Mrs. L.A., aged 70, 
dysphagia, poor appetite, 
vomiting and loss of weight. Roentgen exami- 
nation revealed a_ slight dilatation of the 
with slight displacement 
of the lower esophagus to the left and pos- 
teriorly. The length of 


upper esophagus, 


the esophagus ap- 


ANALYSIS OF CASES OF HIATUS 


FELDMAN, 


HERNIA 


MYERS: 


of the cardia of the stomach through the esoph 
ageal hiatus. A irregular 
matous filling defect was noted to involve the 
body and greater curvature of the stomach 
In addition there was a large calcified gall 


large carcino 


stone. 


aged 


Mrs. E. G., 
of abdominal 


3. complained 


pain, vomiting and loss of 

examination revealed a 
the the 
herniated through the esophageal hiatus. A 


filling defect 


weight. Roentgen 


small portion of cardia of stomacl 


large irregular carcinomatous 


AND SHORT FSOPHAGUS ASSOCIATED 


WITH CARCINOMA OF THE STOMACH 


Cases of 


Hiatus Hi rniva 


Feldman and Myers 
Jankelson and Morein 5 
Murphy and Hay 7 
Ohler and Ritvo 136 
Simmons ef al 25 
Gilbert ef al tS 
Rennie ef al 
Dorfman‘ 
Smithers?’ 
Harrington 
acobs 
Miller 
Eppinger® 
Verse 
Barsony and Polger 
Unger and Poppel 
Holland and Logan 
Raven 

Dunhill 

Mailer!® 

Land'* 

Olsen and Harrington?! 
Clerf and Manges' 
Dawson and Richards 
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peared to be normal, but there was an ap- 
parent shortening as a result of the displace- 
ment and fixation. A large irregular calcified 
shadow was noted on the left side posteriorly, 
to which the esophagus was adherent. A di- 
verticulum was also noted in the lower third 
of the esophagus, which projected toward 
the calcified The cardia of the 
stomach was herniated through the esopha- 
geal hiatus into the thoracic cavity. There 
was a irregular carcinomatous filling 
defect involving the cardia of the stomach. 

Case 2. Mrs. S. B., aged 66, complained of 
epigastric pain without food relation, poor 
appetite, diarrhea and loss of weight. Roent- 
gen examination revealed a small herniation 


shadow. 


large 


(Cases of 


Gastric Carermnoma Per Cent 


was noted involving both curvatures of 


body of the stomach. Gastroscopic exami 


tion revealed evidence of a carcinoma. 


Each of the 3. patients described 
above proved to have a gastric carci- 
noma associated with an esophageal 
hiatus hernia. 

The diagnosis of hiatus hernia and 
carcinoma of the stomach can reacil\ 
be made by means of the roentgen- 
ologic examination. In both conditions 
the diagnosis is reliably made in the 
highest percentage of cases. 
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The site of involvement of the car- 
cinomatous growth in the stomach 
varied. Of the 46 cases recorded, the 
site of the growth was mentioned in 
32, namely, the cardia in 28, pylorus 
in 3, and diffuse in one. In our 3 cases. 
the cardia was the site of involvement 
in 1 case and the body in 2 instances. 
Since in gastric carcinoma generally 
the cardia is not involved in such a 
high percentage of cases as noted 
above. these findings indicate that the 
cardia of the stomach is more apt to 
be involved when it is associated with 
hiatus hernia. 

Conclusions. 1. A survey of the 
literature up to 1952 on the coexistence 


ESOPHAGEAL HIATUS GASTRIC HERNIA 


of gastric carcinoma and esophageal 
hiatus hernia-short esophagus revealed 
43 recorded cases, to which we have 
added 3 cases, making a total of 46. 

2. The incidence of the coexistence 
of gastric carcinoma and hiatus hernia 
is 3.16%. 

3. The incidence of gastric carci- 
noma is statistically not significantly 
greater in persons with hiatus hernia 
than in those without herniation. 

4. The site of the gastric carcinoma 
coexisting with hiatus hernia is more 
commonly the cardia of the stomach. 

5. Three cases of gastric carcinoma 
associated with hiatus hernia are re- 
ported. 
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Numerous electrophoretic studies 
performed on the plasma and serum 
proteins of human subjects have been 
reported in recent years?*:!519, In 
order to ascertain whether the com- 
position of a given specimen conforms 
with or deviates from the norm, it is 
essential to have available for refer- 
ence statistically valid data on normal, 
human blood plasma or serum. In con- 
formity with the experience had with 
other biological norms, for example, 
hormone, enzyme or blood cholesterol 
levels, it has been found that the rela- 
tive distribution of protein fractions 
and the absolute concentration of indi- 
vidual components do not represent 
invariable constants but are to some 
extent functions of age and of various 
other physiological factors. 

During the course of investigations 
on the electrophoretic pattern of 
aged human subjects, it became evi- 
dent that the values reported by previ- 
ous investigators for the protein dis- 
tribution in normal human serum? 


did not represent a satisfactory basis of 
comparison when applied to our par- 
ticular material. The reality of these 
discrepancies was supported by the 
earlier experiments of one of the pres- 
ent authors, (H.A.R.) in collaboration 
with Newman and Krieger'?. Thess 
observers found that the plasma pro 
teins in the aged, as determined by 
electrophoretic analysis, differ signifi- 
cantly from those of younger subjects 
Inasmuch as the technique employed 
in the earlier work did not lend 
itself to a complete resolution of all 
major protein components, it was de- 
cided to re-investigate this problem 
with the aid of a modified technique 
of increased resolving power. It will b: 
shown that the newly obtained data 
confirm and extend the observations 
made in the previous investigation on 
a closely similar group of subjects, and 
that there appear to exist definite qua 
titative differences in the protein dis- 
tribution in different age groups. 


® This study was aided by a grant from Lederle Laboratories Division (American Cyanan 


Company), Pearl River, New York. 
(522) 
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Method. The electrophoresis apparatus used 
in the present investigation is an instrument 
which employs a schlieren optical system of 
the Philpot-Svensson Type!®, which is folded 
with the aid of surface mirrors and is in- 
tegrally mounted with the low’ temperature 
thermostat, the refrigeration plant and _ all 
electrical circuits in a single housing where 
the critical optical components are maintained 
zero humidity.* The electrophoresis cell 
was similar to that employed by Tiselius in 
his earlier work!7, modified by replacing the 
cylindrical portion of the U-tube by 2 observa- 
tion channels of rectangular cross-section', 

During the course of this investigation 67 
subjects whose age range was between 65 and 
95 years were studied. However, for reasons 
to be outlined later in the article, the group 
was reduced to 31 subjects. Twelve were 
males and 19 were females. As far as could 
be determined these persons were “normal” 
wecording to the following definition: They 
were ambulatory, in satisfactory physical 
condition, free from manifest neurological 
symptoms, infection or neoplastic disease, 
ind were engaged in activities normal for this 
ive group. However, there may have been 
evidence of chronic degenerative changes 
such as athero- or arteriosclerosis, commonly 
issociated with old age. The group under 
study consisted of residents of this institution 
who were on a dietary regime which has been 
shown to be adequate from the nutritional 
tandpoint!!, 

Procedure. From 20 to 25 ml. of whole 
blood was obtained in the fasting state (or 
it least 3 hours after the last meal), and 
llowed to clot spontaneously. After clot 
retraction had occurred the serum was care- 

lly withdrawn and stored at approximately 
°C. until it was examined. For electro- 

lioretic examination 1 part of serum was 
liluted with an equal volume, or 1.5 parts of 
odium barbiturate buffer at pH 8.50 to 

60 and ionic streneth of 0.1, as recom- 

ended by Longsworth’. The diluted serum 

is then dialyzed at 4°C. against approx- 
iately 600 ml. of the same buffer using 
isking Cellophane tubing No. 295 as the 

embrane. At the conclusion of dialysis (24 

72 hours) the dialyzed protein solution was 

atrifuged to remove any small amounts of 

cipitated material. 

rhe electrophoresis cell was filled with 

e buffer which had served as the outside 

id during dialysis and the protein solution 

is stratified under the supernatant buffer 

gravity. The electrophoresis experiments 
ere carried out at temperatures ranging from 
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01° to 2.5°C., the temperature dunng an 
individual experiment being maintained con- 
stant within + 1.1°C. The potential gradients 
employed ranged from 5 to 7 V/cm. and the 
duration of the experiments varied from 6,000 
to 9,000 seconds. The electrophoretic dia- 
grams were recorded in the form of curves 
ot uniform thickness using the crossed-slit 
method!&, Simultaneously, “baselines” were 
obtained with the aid of a beam of light 
which by-passed the electrophoresis cell 
through a vertical slot in the cell mask. The 
relative concentrations of the individual pro- 
tein components were determined from the 
ascending boundary patterns in the usual 
manner, employing the method of extra 
polation described by Tiselius and Kabat!s. 
The absolute concentrations of the individual 
components were calculated from the relative 
concentrations and the total protein content 
of the serum as determined on a non-dialyzed 
aliquot of the original specimen by the micro- 
Kjeldahl method of N-determination. 


Observations and Results. A total of 
223 electrophoresis experiments were 
performed on serum samples obtained 
from 67 subjects. From 1 to 5 deter- 
minations were performed on serum 
specimens obtained from indi- 
vidual at different times covering pe- 
riods ranging from 2 to 16 months. All 
of the diagrams were carefully exam- 
ined for possible anomalies and they 
were quantitatively evaluated with re- 
gard to the relative and absolute con- 
centrations of the individual compo- 
nents. The results thus obtained were 
tabulated separately for each subject 
in chronological order with a view to 
discerning possible fluctuations in the 
protein distribution. Whenever abrupt 
changes occurred in the protein spec- 
trum an attempt was made to correlate 
them with the clinical status of the 
subject, and those patterns obtained 
during a temporary indisposition were 
eliminated from further consideration 
in connection with this study. The 
same procedure was followed in the 
instance of those diagrams which 
failed to show sufficient resolution re- 
quired for the determination of the 


* Manufactured by the American Instrument Co., Silver Springs, Md. (cat. No. 5-8000). 
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individual components or which ex- 
hibited gross anomalies. Furthermore. 
the values obtained on the sera of an 
individual who developed path- 
ology or who succumbed during the 
course of this study were eliminated 
from statistics. This of 
selection reduced the number of analy- 


our process 
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In addition, Table 1 lists the 
albumin-globulin (A/G) ratios while 
Table 2 also lists the total protein 


values. The latter represent the aver- 
of the of all protein 
determinations performed on a given 
subject. The of 
each component together with the re- 


ages results 


composite average 
g 


TABLE 1. RELATIVE DISTRIBUTION OF PROTEIN FRACTIONS 
Globulins 
Vame t/pha-? Beta Gamma 1G 
LB $2. 1°, 11.3%; in. 0.73, 
A.B 4 6 19 2 13.0 
H.B 516 18.5 1 07 
B 320 7.0 9 4 6 
B 52.2 56 6.9 15 6 1 1 
M. ¢ $8.2 $.2 95 165 17.8 0.98 
R.G 5501 7.9 108 16.5 10.0 1 24 
LG | 10.0 16.6 16.7 
9 7 7.6 Is. 1 
17.3 10.6 38 13.7 16.1 0.90 
18.2 .2 165 0 94 
J.K $7.3 7.9 119 16 6 1G 4 0 89 
55.8 7.9 9 4 15 8 11.5 1.2 
A.L tS 6 9 3 18 16 4 6 0098 
A.L 1 9.6 97 16 4 0 93 
15.8 92 10.0 15.5 1G 4 O85 
M. M. 19 6 12.0 19.7 99 1.3 
M.M 52.8 111 17.6 11 6 1:1 
J. M 7 1 99 11 1 17.9 146 090 
7 | 17.4 16.5 oo 
8 3 0.7 0 99 
H.R 0.2 59 9 17.1 10 
F.R 17 4.3 13.7 
$2.8 9 4 4 17.9 0 79 
6.9 9 1 148 19.7 10 
10.9 0 7 16 4 17.6 O S4 
Wos 9 4 10.3 19.5 17.7 0.76 
50.2 10.1 150 16.6 10 
5005 4 92 Is] 3.9 1o 
1.5 16.2 7.6 12.3 162 7.4 0 86 
Total 1S 6 8.5 10.2 16.7 15 9 0.97 
=2 46 1.05 O6 136 (7 


ses to a total of 87, and the number of 
subjects to 31. 

The data obtained in different deter- 
minations on the same subject were 
averaged. As a rule, the differences be- 
tween the individual experiments were 
small. The averages thus obtained are 
listed in Tables 1 and 2 which show 
the relative and absolute protein con- 
centration respectively. 


spective standard deviation are given 
at the bottom of the two tables. It is 
believed that data represent 
acceptable reference values for the 
protein distribution in the serum of 
“normal” human subjects within the 
age range here studied (65 to 95 vear 
The electrophoretic diagrams 
tained on these sera were similar ‘0 
those obtained on of young 


these 


sera 
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(18 to 55 years) individuals with re- 
gard to the shape of the refractive 
index gradient curve, the number and 
resolution of the various protein peaks. 
The only difference observed by us 
between the patterns of the 2 age 
groups is quantitative in nature: the 
relative albumin concentration in the 
serum of the aged subjects is signifi- 
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For purposes of illustration, a rep- 
resentative electrophoresis diagram ob- 
tained on the serum of a 24-year old 
subject is reproduced in Fig. 1A to- 
gether with a typical pattern obtained 
on the serum of a 77-year old subject 
(1B). 

Discussion. In an earlier electro- 
phoretic study on plasma proteins in 


PABLE 2.) ABSOLUTE DISTRIBUTION OF PROTEIN FRACTIONS 
Globulins 

Vame Tr. Albumin Alpha-1- Alpha-? Beta Gamma 
7 OF O07 08 1 4 1.4 
6 70 3.0 06 Os 1.3 
7.04 3.7 06 Os 10 12 
6 85 $3.9 05 07 12 12 
B 7.7 06 1.3 
¢ 7.138 06 07 12 
6.12 8.2 06 10 06 
7.88 WS 1 4 11 
LG 85 3.4 06 O07 1] 
Mil 6 78 $.7 07 0.5 10 
C.H 7.14 34 Os Os 11 
A. 6 27 2.8 0.6 10 10 
7 36 £6 1.2 
7.2 4.3 06 1.3 
LL 6 80 3.4 06 Os 1.2 
6.72 3.3 06 0.7 
6.57 3.2 07 0.7 1.1 1 4 
7.10 $3.5 07 0.9 07 
MLM 7.08 3.5 0.5 0.8 12 Os 
IM 7.10 3.5 0.7 Os 1.3 11 
F.O 6 71 3.8 05 07 
LP 7.38 3.7 06 Os 10 1.5 
HOR 6 74 O4 11 12 
6 89 3.5 06 0.9 10 1.4 
Bos 7.12 3.2 0.7 14 1.3 
7 05 0.7 1.2 16 
6 738 3.0 Os 0.7 1.3 
Wos 7.15 O7 14 13 
6 60 3.3 0.7 05 
Los 6 58 3.6 06 07 1.3 10 
7 00 $3.2 05 Os 11 1.3 
Total 6.97 3.5 06 07 12 12 


antly lower whereas the relative beta- 
‘lobulin concentration is appreciably 
iigher than the corresponding levels 
t these components in the serum of 
he younger subjects. This fact is re- 
lected in the A/G ratios as deter- 
‘nined for the 2 age groups: 0.97+0.11 
tor the older and 1.29+0.16 for the 
vounger subjects. 


the aged!*, 21 apparently normal indi- 
viduals of an age range between 70 
and 95 vears were studied. Of these, 11 
were males and 10 were females. The 
dietary regime was the same as that 
of the present group. However, a 
auantitative comparison of the results 
obtained in these 2 investigations is 
not possible since plasma was studied 


O26 RAFSKY, BRILL, 
by Rafsky et while serum was 
used in the present experiments. Fur- 
thermore, the experimental conditions 
employed in the two series differed 
appreciably: phosphate-saline buffer of 
pH 7.6 and 0.2 ionic strength was used 
in the earlier study, while sodium bar- 
biturate buffer of pH 8.5 to 8.6 and 


Fic. LA, 
concentration, 7.98% 


Albumin, 57.39% 


A/G ratio, 1.34. 
alpha, globulin, 6.1%; 


B.—Representative serum pattern of a “normal” 
0.98. 
alpha, globulin, 9.2%; beta 


protein concentration, 7.12%; A/G 


globulin, 6.8%: 


ratio, 


0.1 ionic strength used in the 
present study. It has been shown’ that 
in the instance of human plasma and 
serum, the barbital buffer is superior 
to other buffer systems with regard to 
resolving power. Ordinarily, in phos- 
phate buffer the albumin peak fails to 
separate from the alpha-] component, 


Was 
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thereby yielding a higher A/G ratio, 
and the gamma-globulin peak is not 
clearly differentiated from the “sta- 
tionary” anomalies (delta, epsilon salt 
gradients). In spite of these differences 
in experimental conditions, there ex- 
ists satisfactory, general agreement be- 
tween the results obtained in these two 


Normal pattern obtained with the serum of a 24-year old male (R.B.): ‘Total proten 
Relative 

alpha, 
globulin, 


concentrations of individual protein fractions 
globulin, 7.8%; beta globulin, 12.14%: 
16.7% 

aged individual (M.C. 77-year old male:) Total 
Protein distribution: Albumin, 49.5%, alph 
globulin, 15.8%; gamma globulin, 18.7%. 


gamit 


investigations. Thus, the present ev- 
periments confirm the observations of 
Rafsky et al.’* that in aged human su)- 
jects, the relative albumin concentr- 
tion and the A/G ratio are lower thin 
corresponding values obtained for 
younger subjects. Similarly, in the 
majority of aged individuals, the b« ta 
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globulin level is higher than that re- 
ported by others for healthy young 
adults. Data for the protein distribu- 
tion in the blood serum of human 
subjects of different ages, taken from 
recent publications, are shown in 
Table 3, together with the values ob- 
tained on aged subjects in the present 
investigation. 

The experimental conditions em- 
ploved in the studies serving for the 
compilation of the data in Table 3 
were closely similar. In particular, the 
same buffer system was used through- 
out; namely, barbiturate buffer, pH 8.5 
to 8.6. ionic strength 0.1. The values 
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lipids bound in the form of beta- 
lipoproteins'’, it would seem possible 
that the increase in the concentration 
of this protein component is intrinsi- 
cally related to the higher cholesterol 
levels frequently encountered in aged 
individuals and particularly in athero- 
sclerotic subjects®. Barr et al.’ have 
recently reported that the plasma of 
atherosclerotic patients exhibits certain 
abnormalities with regard to protein 
and lipid distribution. These include a 
tendency to a relative and absolute 
increase in beta-lipoprotein concentra- 
tion. It remains to be determined 
whether the rise in beta-globulin in 


TABLE 8. PROTEIN DISTRIBUTION IN SERUM AND PLASMA FROM 
NORMAL HUMAN SUBJECTS OF DIFFERENT AGES 


Serum Relative Cone. of Individual Protein Com pone nts 
Vo. of or Wpha-  Alpha- Fibrin- Refer- 
Subjects Plasma Alb 1 2? Beta Gamma ogen AG ence 
3-8 18 P 17.7 6.3 10.6 10.38 9.7 5.2 1 36 13a 
“Children” 30 S&P 9 95 12.6 9.5 1.48 Sa 
19-25 15 6005 7.2 12.1 11.0 51 1 538 
18-55 sO 7.2 S.8 1.29 13 
65 95 $1 6 8.5 167 9 0 97 


Present experiments. 


ire, therefore, strictly comparable with 
the sole exception of the additional 
fibrinogen component present in the 
plasma samples. It is apparent from 
this tabulation that the A/G ratio and 
hence the relative albumin concen- 
tration in the serum of aged individ- 
als is significantly lower in 
oung subjects. On the other hand, the 
eta-globulin concentration in the 
lder age group is markedly increased. 
cannot be stated with certainty 
iether the slightly higher values ob- 
ined for the other globulin fractions 
ipha-1, alpha-2 and gamma) present 
the serum of aged subjects are 
tatistically significant. Inasmuch as the 
cta-globulin fraction contains an ap- 
reciable percentage of the serum 


the serum of aged subjects is related 
to the increased level of certain macro- 
molecular lipoprotein components ob- 
served by Gofman et al.’ in the serum 
of aged and atherosclerotic individuals. 

Summary. The blood serum of 31 
“normal” human subjects of ages rang- 
ing from 65 to 95 vears has been ex- 
amined — electrophoretically — under 
standardized conditions. The values 
obtained for the individual protein 
components in a total of 87 experi- 
ments, performed on serum samples 
from these subjects over a period of up 
to 16 months, have been analyzed. 
Averages have been obtained for the 
absolute as well as the relative con- 
centrations of the proteins present in 


SERUM OF 


these The standard deviations 
from the mean values have also been 
computed. It is concluded that the pro- 
tein distribution in the serum of aged 


sera, 


“NORMAL 
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that of younger subjects with regard to 
\/G ratio, relative albumin and_ beta- 
globulin concentrations in that the first 
two are smaller and the third is greater 


individuals differs significantly trom in the older age group. 
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EXPERIMENTAL IMMERSION LEG 


By Ropert B. Lewis, Lr. USAF (MC) 
AND 


Paut W. Morn, Capr., USAF (MC) 


From the Department of Pathology, USAF School of Aviation Medicine, Randolph Air Force 
Base, Randolph Field, Texas) 


Many local cold injuries ranging 
from minor functional disturbances to 
actual gangrene have resulted from ex- 
posure to environmental temperatures 
above freezing. These occur most often 
in wartime and are usually associated 
with wetness. Numerous accounts are 
present in the literature describing such 
cases in World Wars I and II. The 
various names given these injuries in- 
“immersion leg.” “immersion 
foot.” “trench foot,” and “shelter foot,” 
describe the conditions 
under which the injury developed. 
arises whether the 
pathogenesis of these injuries is the 
same as, or different from those which 
result from actual solidification of the 
tissues by freezing (frostbite). This in- 
vestigation was undertaken to deter- 
mine the pathogenesis of cold injuries 
resulting from exposure to temperatures 
tbove freezing and to compare the 
‘ross and microscopic changes with 
those observed in “frostbite.” 


clude 
and merely 


The question 


Materials and Methods. Thirty-six male 
lbino rabbits weighing 5% to 6% pounds were 
sed. A hing leg of each animal was care- 
ully clipped and depilated with Zip depila- 
rv cream from the ankle to mid-thigh the 
before the experiments. 

Four animals at a time were immersed in 

double-walled tank 36 inches long. The 
uter chamber contained ethyl alcohol; and 
the inner, water. The latter was kept con- 
tantly at a temperature of +2° C. (+0.2°) 
by cooling the outer container of alcohol with 
lry ice to approximately 0° C. The animals 
vere fixed to boards with one hind leg de- 
pendent as described in another paper!3, 


Anesthesia was not used. Legs were im- 
mersed in the water to the knee and were not 
allowed to be in contact with each other 
or with the walls of the tank. Constant mo- 
tion of the water was accomplished by means 
of electric stirrers at each end of the bath. 

Twenty-eight animals in groups had_ the 
bare depilated leg immersed for total pe- 
riods of either 24, 48, or 72 hours. The other 
8 animals had their depilated legs covered 
with a rubber condom boot during the im- 
mersion period to determine whether the 
contact with water was a factor in produc- 
ing the injuries. Four of these were exposed 
for 72 and 4 for 100 hours. 

After exposure the legs were coated with 
an ointment of 3% sulfamylon in lanolin and 
a dressing applied which was changed daily. 

To minimize fatalities from general hypo- 
thermia and fatigue, all animals were re- 
moved after 4 hours in the bath and allowed 
to rest for 1 hour before re-exposure. This 
regimen was repeated until the desired ex- 
posure time was attained. During the rest 
periods observations were made on the de- 
gree of swelling, function of the leg. and 
condition of the skin. 

After exposure the animals were killed in 
groups after survival intervals of 24. 48, 72 
hours, and 7 days. Gross and histologic ob- 
servations were made on the skin and mus- 
cles of the exposed legs. All tissues were 
fixed in formalin, and sections were stained 
with hematoxylin and eosin. 

Studies of nerves were not made. 


Findings. GreNERAL OBSERVATIONS. 
There was considerable variation in the 
anatomical and functional changes of 
the exvosed limbs amone the exveri- 
mental animals. Edema of the leg be- 
came manifest 4 to 8 hours after ex- 
posure and generally increased there- 
after. At this time many animals 
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Fic. 1.—Early skin gangrene. Seven hours after immersion of leg in water bath at +2 
for 72 hours. 
Fic. 2.-Same leg as in Fig. 1 three days after immersion showing well developed dry 
gangrene of the skin. 


Fic, 3.—Same leg as in Figs. 1 and 2 seven days after immersion showing final discrete ar 


of dry gangrene. 

Fic. 4.—Tibialis anticus muscle showing three lesions layered from the cutaneous surfa 
according to severity as follows: coagulation necrosis, slow necrosis with replacem: 
fibrosis, and atrophy. 

Leg immersed in water bath at +2° C. for 72 hours. Survival time 7 days. H&E stain. (X ‘ 
Fic. 5.—Area of slow necrosis showing muscle giant cell formation and hypernucleation 
many muscle fibers. Moderate intercellular fibrosis. Leg immersed in water bath at +2° C. 

72 hours. Survival time 7 days. H&E stain. (X 150) 
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decreased motor function of 
the leg and loss of the toe-spreading re- 
flex and response to pin prick. 

Rectal temperatures were taken in 24 
animals at the end of each 4 hours’ ex- 
posure. In several animals the body 
temperature went as low as 94° F., 
and 1 of these died in the bath after 
32 hours’ exposure. In the remainder 
the temperature remained normal or 
was elevated 1 to 2° F., and the gen- 
eral condition of the animals at the 
end of the experiment was good. Two 
died spontaneously 19 hours and 6 
days after exposure, respectively. 


showed 


TABLE 1. 
No. of Exrposu re Surriral 
animals time time 
3 24 hr. 7 days 
4 48 hr. 7 days 
2 72 hr. 24 hr. 
2 72 hr. 48 hr. 
$ 72 hr. 72 hr. 
11 72 hrs. 7 days 
100 hr. + days 


* Necrosis involving the dermis or deeper layers. 


Skin Cuances. As a rule, the skin 
remained pink for at least 8 hours after 
exposure, but thereafter some animals 
leveloped dark red areas which in some 
nstances ultimately turned gray and 
cllow after about 16 hours’ exposure, 
lenoting the beginning of necrosis. 
‘hese areas became dark and gangren- 
is by the end of the 72-hour exposure 

riod (Fig. 1) and became black and 

rv within 3 to 7 davs (Figs. 2 and 3). 

Infections of the skin did not occur. 

Necrosis of skin varied greatly from 

imal to animal, not only in the sur- 

ce area involved but also in the 
pth of injury. Minimal necrotic 
sions were characterized by death of 

e superficial epithelium with ulti- 

ite desquamation. In the sequence of 
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increasing injury the necrosis extended 
through the epithelium, into the der- 
mis, and finally involved the entire 
thickness of skin and subcutaneous tis- 
sue. We did not observe maceration of 
the skin. A few venous thrombi were 
noted in the necrotic areas micro- 
scopically. 

Seven animals either died or were 
sacrificed before it was possible to de- 
termine whether skin necrosis would 
develop. Of the remaining 29, 22 
showed areas of skin necrosis of various 
sizes and depths. Five of these showed 
involvement of the superficial epithe- 


SKIN NECROSIS IN RABBIT LEGS EXPOSED TO 42°C. 


No. with necrosis 


No. 
without Superficial Deep 

necrosis scaling necrosis* 

2 1 

1 1 2 

2 

2 

1 2 

6 

1 2 


lium resulting in desquamation with- 
out residual scarring (Table 1). This 
skin, as well as the skin of the legs 
which did not show necrosis, was thin, 
soft, and shiny depicting atrophy. 

The application of rubber condom 
boots during exposure did not prevent 
the skin gangrene. Seven of 8 animals 
exposed with rubber boots lived suf- 
ficiently long to determine whether 
skin necrosis would occur. Of these, 
superficial cutaneous necrosis occurred 
in 2 and deep necrosis in 2. 

Musc.te CuHances. Gross Findings. 
As with skin necrosis, considerable 
variation in muscle changes was pres- 
ent in different animals. 

The anterior muscle group (tibialis 
anticus plus extensor digitorum longus ) 
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showed the most extensive changes, but 
commonly the calf muscles also pre- 
sented gross lesions. 

Seven animals showed muscle ne- 
crosis without necrosis of the overlying 
skin, an observation we often made in 
previous frostbite experiments. 

Of 36 animals, 5 either died or were 
sacrificed too soon after exposure to 
determine whether macroscopic necro- 
sis would develop. The leg muscles in 
these latter were, as a rule, swollen, 
opaque, and bluish red color. 
Kighteen of the remaining exposed legs 
showed necrosis of muscle character- 
well-differentiated — vellow 
areas of various sizes. At times these 
the the muscle 
nearest the bath but often were in the 
deeper muscle. The portion of the 
muscle which escaped gangrene and 
those muscles entirely free of gross 
gangrene were usually reduced in vol- 
ume and showed varving degrees of 


ized by 


were on surtace of 
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pallor or were gray, a picture we have 
learned denotes atrophy slow 
necrosis. 

Microscopic Findings. As observed 
grossly, the degree of muscle damage 
was variable on histologic examination 
in animals exposed under the same 
conditions. Necrosis observed in legs 
after a relatively short exposure time 
was often more extensive than that 
observed after a longer exposure pe- 
riod. Muscle changes in the immersed 
legs covered with rubber condom boots 
did not appear different from those 
immersed with skin bared. 

Microscopically, three distinct lesions 
of muscle were observed which repre- 
sented three degrees of injury and were 
in the order of decreasing severity: (1) 
coagulation necrosis, (2) slow necrosis, 
and (3) atrophy. These changes were 
identical with those described by us in 
true “frostbite’'’. In most instances 
these lesions were not layered from 


Lege nds for Figure sito 


6 


Coagulation necrosis and breaking up of muscle cells with exudation of polwmor- 
phonuclear leukocytes. Leg immersed in water bath at +2° C. for 


72 hours and killed 


immediately. H&E stain. (X 150) 


hic. 7.—Most muscle 


fibers show coagulation necrosis and many 


have broken up into amor- 


mus masses. The nuclei visible are those of macrophages, polymorphonuclear leukocytes, a 


lymphocytes, and sarcolemmic cells. Leg immersed in water bath at +2° C. 


for 72 hours. 


Survival time 24 hours. H&E stain. (X 150) 


8.—Muscle fibers the seat of coagulation necrosis being removed by numerous macrophages. 
re are a few lymphocytes and polymorphonuclear leukocytes. Fibroblastic proliferation is 


e pronounced replacing the dead muscle. Leg immersed in water bath at +2 


C. for 72 


hours. Survival time 48 hours. H&E stain. (X 150) 


9.—Only remnants of necrotic muscle fibers remain. Viable cells consist of large numbers 


acrophages and proliferating fibroblasts. Leg immersed in water bath at +2 


hours. H&E stain. (X 150) 


hours. Survival time 72 


C.. tar 


10.—Same slide as in Fig. 4 but different field showing slow necrosis. The lighter zone 
idjacent to the superficial layer of coagulation necrosis. In the upper portion all muscle 
s except a few remnants have disappeared and been replaced by connective tissue con- 
ng many capillaries. Just beneath this lighter zone the muscle fibers show marked reduction 
ze, and many demonstrate hypernucleation and a eradual disappearance of their proto- 
plasm with some replacement fibrosis. H&E stain. (X 150) 
lla.—Muscle showing simple atrophy. Marked reduction in size of all muscle fibers with 
ition of their form. Some hvypernucleation of muscle cells. Leg immersed in water bath 


at +2 


C. for 72 hours. Survival time 7 days. H&E stain. (X 150) 


Fic. 11b.—Muscle of unexposed leg of same animal as in Fig. Ila. 
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the cutaneous surface of the muscle 
as in frostbite, but surprisingly in 7 
animals they were (Fig. 4). Not un- 
commonly the deep muscles developed 
more extensive necrosis than the super- 
ficial. In many legs which failed to de- 
velop coagulation necrosis, only the 
slow type of cell death combined with 
atrophy occurred. In legs injured to an 
even lesser degree, the muscles showed 
only simple atrophy. 

The coagulation necrosis represented 
acute cell death and was observed as 
early as 19 hours after immersion for 
24 hours and immediately after im- 
mersion for 72 hours. 

The slow-type necrosis the 
atrophy required several days to de- 
velop after exposure. 

1. Coagulation Necrosis. These de- 
scriptions were made on muscles im- 
mersed for 72 hours. Muscle fibers 
which showed this lesion immediately 
after immersion were swollen, often 
with loss of cross striations, vacuolated 
and fenestrated, and sometimes broken 
into amorphous masses. Often the sar- 
colemma was absent and the muscle 
cell nuclei were either not visible or 
degenerated. Polymorphonuclear leu- 
kocytes were quite numerous, and in- 
terstitial edema manifested by deposits 
of fibrin and eosinophilic granules was 
present. Vascular thrombosis was not 
observed (Fig. 6). 

A common observation was contrac- 
ture phenomena, as seen after frostbite 
and characterized by fracturing of 
muscle fibers and subsequent retrac- 
tion with the formation of clots or caps 
and leaving either empty spaces or 
granular material in the defect. 

After 24 hours’ survival, the muscle 
fibers showed essentially the same 
changes as described above. In addi- 
tion to the exudation of neutrophils, 
many macrophages were present and 
were active in phagocytosing the necro- 
tic muscle. Some lymphocytes were 
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present. Fibroblastic proliferation was 
just beginning at this time. Red cell 
extravasation was present in areas, but 
no thrombi were seen (Fig. 7). 

Forty-eight hours after exposure the 
muscle fibers showed more extensive 
necrosis. In areas the phagocytes, which 
were more numerous than after 24 
hours, had carried away much of the 
dead muscle. These phagocytes in 
many instances were enlarged and 
vacuolated. There were more lympho 
cytes and fewer neutrophils than at the 
24-hour period. Fibroblastic prolifera 
tion with many mitoses was more ad 
vanced and in areas had replaced _ ne- 
crotic muscle cells. An occasional ca- 
pillary thrombus was noted (Fig. 8). 

Seventy-two hours after immersion 
the necrotic muscle cells had further 
disappeared. places proliferating 
fibroblasts, with many mitotic figures, 
had completely replaced the dead mus- 
cle. In the meshes of the connective tis 
sue were large numbers of phagocytes 
and lymphocytes. Thrombi were not 
observed (Fig. 9). 

Sections of muscle taken longer than 
72 hours after immersion showed pro- 
gression of the healing process by scar- 
ring and removal of necrotic debris by 
phagocytosis. 

2. Slow Necrosis. This lesser injury 
was characterized by progressive re- 
duction in size of muscle cells accom- 
panied by a gradual degeneration of 
the cells and ultimately resulting in 
cell death, their disappearance, and re- 
placement with connective tissue. In 
many fields only minute shreds gave 
proof of pre-existing muscle cells. The 
degenerated muscle fibers stained poor- 
ly with eosin, showed decrease or loss 
of cross striations, and often revealed 
hypernucleation without mitoses. As 
many as 40 or 50 nuclei were counted 
in a single muscle fiber remnant. Often 
the string of nuclei occupied clear or 
granular zones in the central portion 
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of the myoplasm. Muscle areas showing 
these changes gradually blended with 
areas of simple atrophy (Fig. 10). 

Muscle giant cells, identical with 
those observed in frostbite, were 
numerous in areas of slow necrosis. Oc- 
casionally they occurred in muscle 
showing coagulation necrosis. 
These giant cells formed from swollen 
segments of degenerating myoplasm in 
which the nuclei remained viable and 
increased in number. In young giant 
cells the nuclei were scattered at ran- 
dom, but with age the central portion 
of the cell degenerated to granular de- 
bris and the nuclei occupied the peri- 
pheral portion of the cell and eventu- 
ally disappeared. Fibroblastic prolifera- 
tion was more pronounced in the giant 
cell areas than elsewhere (Fig. 5). 

3. Simple Atrophy. This least severe 
anatomical lesion consisted of a reduc- 
tion in size of the muscle fibers with 
retention of their form. Some of these 
itrophic cells showed mild hypernu- 
cleation, and often isolated or small 
sroups of fibers in such areas progressed 


areas 


beyond the stage of atrophy and 
showed slow necrosis with fibrosis 
Fig. lla). 

Discussion. The gross and micro- 


scopic changes in skin and muscle ob- 
served in experimental immersion leg 
ire described. These are identical with 
those found in “frostbite.” The obser- 
ation that the tissue changes are 
dentical, whether or not the tissues 
reeze, simplifies our concept of local 
old injury considerably. 

The greater variation in the degree of 
jury between animals, as compared to 
hose with experimental frostbite, is 
idoubtedly due to the greater effec- 
veness of the vascular heat-regulating 
echanism, made possible in immer- 
on leg by the less steep temperature 
radient between the exposure bath 
ud the tissues. This ability to regu- 
te varies greatly in different animals. 
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Even in frostbite experiments with ex- 
posure of rabbit legs to a bath at —12° 
C. for 30 minutes, 1 or 2 animals of 
each 40 or 50 escape freezing of the 
leg. In experimental frostbite produced 
in a cold liquid bath, the temperature 
difference between the bath and leg is 
so great and the heat transfer so rapid 
that the regulatory mechanism _ is 
broken down quite early in most in- 
stances, and thereafter the leg behaves 
as a dead body. 

Skin necrosis begins in the most 
superficial layers and extends progres- 
sively deeper as the injury increases to 
finally involve the entire thickness of 
skin and subcutaneous tissues. 

The muscle changes described are 
identical with those previously reported 
by us in frostbite’’° and in some in- 
stances are layered as in frostbite from 
the cutaneous surface of the muscle in 
the order of decreasing severity. 

The acute changes of coagulation 
necrosis are essentially the same as de- 
scribed by Friedman et al.° in experi- 
mental immersion foot; we agree with 
them that they represent a true ther- 
mal injury and for the same reasons 
that we believe frostbite to be a direct 
cold injury. Smith, Ritchie, and Daw- 
son! also noted that the severity of 
the pathologic lesion decreased with 
tissue depth in “trenchfoot” and con- 
cluded from this that they were deal- 
ing with a direct cold injury. 

It is interesting that in 7 of 36 ani- 
mals the distribution of the muscle 
lesions from the surface according to 
severity occurred just as in true frost- 
bite. This seems to indicate that in 
some animals the vascular heat-regula- 
tory mechanism was sufficiently ineffec- 
tive rather early during immersion to 
allow the legs to behave like dead 
bodies. 

Rarely did the blood ‘vessels become 
necrotic with this degree of injury, and 
the same may be said of the connective 


tissue supporting the muscle. The via- 
bility of the fibroblasts accounts for 
their rapid proliferation to replace the 
necrotic muscle. In our frostbite experi- 
ments with an exposure of a leg to 

12° C. for 30 minutes, the most se- 
verely injured areas showed necrosis, 
not only of muscle cells but of connec- 
tive tissue and blood vessels as well. 
In such instances fibrous tissue must 
grow in from the surrounding zone of 
lesser injury containing viable fibro- 
blasts. It is in these zones of complete 
necrosis that thrombi were seen quite 
often but relatively late after necrosis 
had begun. 

Lange et al.“ have reported that in 
their immersion foot experiments they 
did not observe stranding of red blood 
cells and plugging of capillaries with 
subsequent agglutinative thrombi on 
which they have blamed the necrosis 
in frostbite. If it is true that sludging 
of red cells and subsequent thrombosis 
do not occur in immersion foot or leg, 
it supports the hypothesis that in these 
particular injuries cold produces ne- 
crosis by acting directly on tissue cells. 
It does not seem reasonable that a 
single physical injury: cold, will pro- 
duce the same sequence of pathologic 
changes, including gangrene, with lay- 
ering of the lesions from the exposed 
surface in the order of decreasing 
severity by two different mechanisms, 
one in frostbite and the other in im- 
mersion leg. Furthermore, these same 
lesions can be produced by heat?®. 

We do not agree with Lange’s idea 
that the swelling during immersion to 
baths above freezing temperatures rep- 
resents a fundamental difference from 
frostbite. In our experimental frost- 
bite produced by exposure of rabbit 
legs to an alcohol bath at —10° C. or 
—12° for 30 minutes, slight but notice- 
able swelling often occurred before soli- 
dification. This means that the capillary 
permeability was altered to allow leak- 
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age of fluid into the tissue spaces be- 
fore the tissue became frozen. Ob- 
viously, the swelling could not increase 
during the time the leg was solid but 
it was resumed after thawing. In frost- 
bite, the degree of swelling prior to 
solidification is directly proportional to 
the elapsed time from the beginning of 
exposure to freezing, and, therefore, 
other exposure conditions being equal, 
the temperature gradient between leg 
and bath largely determines the degree 
of this edema. 

We are still of the opinion that vas- 
cular thrombosis in local cold injury, 
whether freezing occurs or not, is a 
secondary phenomenon and occurred in 
our experience only after tissue ne- 
crosis had already developed. It would 
seem that the same significance should 
be attached to sludging of red cells 
and thrombosis in cold injuries as is 
given their occurrence in burn injuries. 
However, the state of the blood circu- 
lation is important in protecting against 
the cold injury during exposure. This 
has been emphasized by Greene® in his 
descriptions of “shelter foot” and by 
our studies® on experimental animals. 

Lange et al. observed skin gangrene 
in their experimental immersion foot 
(72 hours’ exposure) but attributed it 
to infection or trauma rather than to 
cold injury. 

From a pathologic point of view. 
local cold injuries whether they result 
in freezing or not are identical, regard 
less of the manner in which they are 
produced. Therefore, the term “local 
cold injury” should be applied to all 
these injuries. The specific terms 
“frostbite,” “immersion foot,” “immer 
sion leg.” “trench foot,” and “shelter 
foot” should be used only to denote the 
physical conditions under which the 
injuries are incurred. 

These different physical conditions o! 
exposure do not necessarily result ii 
different degrees of injury. Gangrene 
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the most severe sequela, may result 
from immersion to temperatures above 
freezing, either in experimental 


ani- 
mals or whereas 
tissues frozen solid often escape ne- 
crosis. 


This does not mean that the clinical 
picture of all local cold injuries is the 
same, but it is important to know that 
it mav be. It must be borne in mind 
that the extent of local cold injurv de- 
pends on several factors, some of which 
are variable. First, we must consider 
the degree of cold exposure which de- 
pends primarily on three factors: (1) 
temperature, (2) the 
duration of exposure, and (3) the rate 
of heat loss of the exposed part as de- 
termined by the surrounding heat-con- 
ducting medium which is usually. air. 
water, or metal. Second, not all tissues 
show the same susceptibility to cold in- 
jurv. Muscle and nerves are very vulner- 
able to cold 


the exposure 


. Connective 
tissue, tendon, and skin are more re- 
sistant. Third, the volume of tissue in- 
ured varies greatly. As a rule, “frost- 
hite’ involves the distal portions of one 
or more whereas in 
trench foot” or “immersion leg” the 
cntire foot or even much of the leg is 
ften involved. Thus the clinical pic- 
ire can be extremely variable under 
ch circumstances, but reading 
‘inical reports of all tvpes of local 
ld injuries it is to be noted that 
ialitatively they are the same. Quan- 
itively, the symptoms and signs will 
pend on the severity of tissue dam- 


fingers or toes, 


e and also the volume tissue 
jured., 

ln a study of 1,880 cases of frostbite 
mn the Korean conflict, Orr and 


uner'= reported that only 6.1% de- 
loped gangrene. The remainder suf- 
red lesser injuries of which the most 
nor symptoms and signs were numb- 
ss, swelling, and, erythema. The re- 
rt does not give the number of cases 


EXPERIMENTAL 


IMMERSION LEG 
that actually suffered tissue solidifica- 
tion. The same clinical picture pre- 
vails in immersion leg, although the 
incidence of gangrene in the latter is 
less because such a long exposure time 
is required to produce death of tissue. 
Almost all human cases of gangrene 
from immersion leg reported in the 
recent literature occurred in seamen 
from Ships torpedoed in World War TI. 
These unfortunate individuals were 
forced to sit in life rafts with their 
feet and legs in cold water for days. 
It is only under such very drastic con- 
ditions of exposure to temperatures 
above freezing that gangrene occurs 
with any frequency. This emphasizes 
the fact that it is not the attained tis- 
sue temperature that determines the 
final injurv but rather the product of 
temperature and exposure time. This 
observation classifies the cold stimulus 
with many other physical and chemical 
avents, the effects of which are rep- 
resented by the intensitv-time curve 
well known in physiology and_ toxi- 
cology. 

We can sav with certainty that ice- 
crystal formation within tissues (frost- 
bite) is not essential for the production 
of gangrene. It would seem that the 
solidification of a part is merely a recog- 
nizable physical phenomenon which 
occurs during the cold exposure but 
which, as far as can be determined his- 
tologically. does not alter the patho- 
logic course of the cold injurv. 

The fact that covering the legs with 
rubber boots during immersion failed 
to prevent skin or muscle gangrene in- 
dicates that the water merely acts as 
a heat conductor in the production of 
the cold injurv. The maceration of the 
skin so commonly cbserved in human 
“immersion foot” or “immersion leg” 
should not be considered a part of the 
cold injury but something caused only 
by the local effects of moisture. Pro- 


longed use of hot, moist dressings pro- 
duces the same lesion. 

It has often been stated that the rate 
of cooling affects the pathologic pro- 
cess, presumably from variation in ice- 
crystal size. Considerable confusion 
exists with respect to what has been 
called “rapid” and “slow” freezing. 
Ultrarapid freezing of human tissues at 
a rate that results in amorphous solidifi- 
cation (without ice-crvstalization) re- 
quires that the cooling be accomplished 
at a rate of several hundred degrees 
centigrade per second" and does not 
happen during the natural occurrence 
of local cold injury. In the slower tvpe 
of freezing, ice-crystal size increases 
with decreasing rate of freezing. The 
importance of this phenomenon in the 
production of the cold-induced injury 
is not known. As far as can be de- 
termined microscopically. the — tissue 
changes, including necrosis, are the 
same, not only in tissues frozen at dif- 
ferent rates but even when no _ ice- 
crystals are formed (immersion leg). 
Furthermore, the beneficial results ob- 
tained by rapid thawing of frozen tissue 
could not be explained if ice-crystals 
mechanically destroy cells. 

It is doubtful that Webster et al.'s 
were justified in concluding that cold 
could not have been a factor in pro- 
ducing gangrene from exposure to 
water in the Gulf stream at tempera- 
tures between 60° and 70° F. for 8 
days. Such temperatures are 30° to 40° 
lower than body temperature. Over a 
period of 8 days even a small decrease 
in tissue temperature would result in 
a cold intensity-time product sufficient- 
lv great to cause severe damage. 


In experimental frostbite resulting 


from exposing a rabbit leg to —12° C. 
tor 30 minutes not uncommonly only 
the anterior muscles of the leg (tibialis 
anticus plus extensor digitorum longus) 
become solidified. The ultimate dam- 
age, however, is not limited to those 
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muscles. The deeper muscles show de 
generative lesions short of gangrene 
and are identical with those short o! 
gangrene observed in experimental im 
mersion leg. This same sequence of 
events must occur in humans exposed 
to either cold water or air. Even. in 
human cases of frostbite there must hb: 
a marginal zone proximal to the actual 
freezing which is injured to varving cd 
grees. Certainly atrophv of muscles has 
been a common residual finding in hu 
man cases of trench foot! and in 
experimental frostbite’ which 
sents a lesser degree of injurv than né 
crosis. 

Ungley and Blackwood'® recognized 
that immersion was not necessary to 
produce the same clinical picture as 
“immersion foot.” Thev described th: 
case of an airman marooned on a snow- 
covered mountain for 22 hours who dé 
veloped svmptoms and signs identical 
with those of “immersion foot” in his 
exposed and ungloved hand. During 
exposure to air at subfreezing tempera 
tures functional as well as organic 
lesions (including gangrene) occur even 
though the tissues do not freeze. This 
is due to the fact that air is a poor 
thermal conductor and can allow the 
tissues to be chilled for a considerabl 
time without freezing. 

Summary and Conclusions. Thirty- 
six rabbits had a depilated hind leg ex 
posed to a water bath at +2° C. ir 
grouns for periods of either 24, 48, 72 
or 100 hours. The legs were immersed 
bare in 28 animals. whereas in 8, they 
were covered with a rubber condon 
boot. 

Of 29 animals which lived sufficient] 
long, 22 showed skin necrosis. In 5 of 
these only the superficial lavers of the 
epithelium were involved, and in I’ 
the dermis or deeper layers were 
necrotic. 

The muscle changes varied greath 
and occurred with or without s<in 
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necrosis. They included three lesions 
which, in the order of decreasing  se- 
verity, were: (1) coagulation necrosis, 
2) slow necrosis, and (3) atrophy. These 
are the same as observed in frostbite, 
and in 7 animals the lesions were lay- 
ered from the cutaneous surface of the 
the decreasing 
severity as is the rule in frostbite and 
in burn injuries. 


muscle in order of 


Ilce-crystal formation is not essential 
for the production of cold-induced 


gangrene. 
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Covering the legs with rubber boots 
during immersion did not prevent 
either skin or muscle necrosis. 

The pathologic changes in frostbite 
and immersion leg are identical, and 
we believe they represent true thermal 
injuries. We suggest that the specific 
terms “frostbite.” “immersion leg,” “im- 
mersion foot.” “trench foot.” and 
“shelter foot” be used only to denote 
the physical conditions under which 
the injuries are incurred and that the 
term “local cold injury” be used to in- 
clude all such injuries. 
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cess of lipid deposition. However, a 
comparison of the filtration properties 
of excised veins and arteries might fur- 
nish suggestive evidence as to why 
veins are refractory and arteries sus- 
ceptible to intramural lipidosis. The 
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THE COMPARATIVE FILTRATION PROPERTIES OF EXCISED 7 
mec 
ARTERIES AND VEINS*® viel 
By Sicmunp L. Witens, M.D. 
PROFESSOR OF PATHOLOGY, NEW YORK UNIVERSITY COLI EGE OF MEDICINE mu 
AND ] 
Roper T. McCruskey, M.D. rat 
INSTRUCTOR IN PATHOLOGY, NEW YORK UNIVERSITY COLLEGE OF MEDICINE l - 
fol 
From the Departments of Pathology, Bellevue Hospital and New York University College as 
of Medicine, New York, New York) ne 
art 
ATHEROSCLEROTIC changes sel- present investigation was undertaken 
dom develop in veins. Only under ex- for this purpose. 
ceptional circumstances are either lipid Materials and Methods. Hiac arteries and 
or calcium deposits found in the walls veins were obtained at necropsy. The arteries 
ot these vessels”. The plasma lipids are were obtained trom persons from 20 to 40 
presumably the same in venous and oye of = | 
all ages.+ Although the rate and character 0 
arterial blood. rhe concentration and vessel filtration may be somewhat modified 
character of these lipids are widely be- py age, the differences between veins and 
lieved to be of great importance in the — arteries are so striking that this factor is of 
development of the atherosclerosis‘. It little consequence the reporte 
‘re. squiate antities sera Wer 
would be of considerable interest, Adequate quantities o blo fr 
herefor | obtained by pooling samples of blood from 
t 1ererore, to etermine t re factors that patients with various illnesses in Bellevur 
nrotect one large segment ot the cir- Hospital. The filtration properties ot the SI 
culatory system from lipid devosition. sera did not differ appreciably from sera 
Recent studies® have shown that ex- 
. technigue oO litration been ce 
cised arteries distended with blood previously’, The rate of filtration was 
serum under pressure are only slichtlv measured by determining the amount. of ou 
permeable to serum cholesterol. Dur- fluid lost from the vessel during the first | 
ing the course of filtrations of four hours of filtration and expressed as 
serum through excised arteries. linid is per hour per LOO sa. cm of onus greet , 
The latter was calculated from the Teneth tra 
devosited intramurally simulating early and diameter of the distended vessel. Th ) 
svontaneous lipid devosition in some — rate of filtration is more ravid when the pro 
resnects. Proof is lacking that an ex- cedure is carried out in an range at 37 y i. 
actly similar mechanism of partial fil- 
tration is involved in the in vivo pro- range of room temperatures at which th 7 


tests reported here were done. The concen Lea 

tration of partially filterable materials in th 

filtrate does not sienificantly with te: 

persture or pressure level of filtration 
Chemical analvses on the original  s« 

filtrates and fluids remaining in the 

lumen were done by the usual routine labora 


vessel 


* This investigation was supported by a research grant from the National Heart Institute 
of the National Institute of Health, Public Health Service. 

+ We wish to thank Drs. Milton Helpern, Robert Fisher and Henry Weinberg of the Mc! 
cal Examiner's Office of the City of New York for supplying us with this material. 
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tory procedures. The Bloor method was used 
for the cholesterol determinations recorded 
here. The Sperry-Schoenheimer technique has 
heen used in more recent experiments and 
in general the results of the two methods have 
been comparable although the latter method 
vields somewhat lower total and free choles- 
terol values on blood serum and arterial fil- 


trates. Proteins were determined by the 
Biuret technique. 
Results. Rare or Fivrration. The 


rate of filtration of blood serum (Table 
|). saline and other fluids is more than 
four times as rapid through iliac veins 
as through iliac arteries. A progressive 
rate of filtration through 
arteries is noted with increasing pres- 


increase of 


TABLE 1 
ILIAC 


Pre 


EXCISED 


No. of 


ARTERIES AND VEINS 
increase significantly with increasing 
pressure. Similarly the rate of filtration 
through veins does not increase at pres- 
sures above the maximum. stretching 
point of about 40 to 60 mm. Hg. 
PERMEABILITY OF EXCISED VESSEL 
Watts. Both arteries and veins are al- 
most freely permeable to small molec- 
ular substances such as inorganic ma- 
terials. The concentration of blood 
urea, non-protein nitrogen, creatinine 
and chloride were found to be essen- 
tially the same in filtrates and in the 
non-filtered fluid retained in the vessel 
lumen after filtration as in the original 
fluid. This was also true of the pigment 


THE RATE OF FILTRATION OF BLOOD SERUM THROUGH EXCISED 
ARTERIES AND VEINS 


Rate of Filtration 
(ee. per hr. per 100 sq.em 
of Intimal Surface 


Vessel mm. Hq Observations Mean 
Artery 020 5 0.0 
25-80 8 0.95 

100 31 147 

200 20 2 31 

Vein 0 20 lt 
21-40 10 3.5 

41-60 9 4.2 

61-80 7 +4 

81-100 j + 6 


ures upd to 320 mm. Hg but at pres- 
sures of less than 25 mm. Hg there is 
o measurable escape of serum through 
the vessel wall®. In veins, however, 
msmural filtration of serum occurs at 
inimal positive pressures and_ in- 
eases rapidly in rate up to 40 mm. 
lle. At higher pressures there is only 
insignificant increase of rate of fil- 
ition. It is difficult to avoid tears and 
iks in relatively fragile veins at ten- 
ns over 100 mm. Hg. 
The rate of filtration of serum 
rough excised vessels varies directlv 
ith the thickness of the vessel wall. 
distension of an artery is prevented 
enclosing it in a surgical gauze 
cket, the rate of filtration does not 


of gallbladder bile and of sera in ob- 
structive jaundice. Arteries and veins 
are almost impermeable to large mol- 
ecular substances, such as. artificially 
prepared colloidal cholesterol furnished 
to us through the courtesy of Dr. Forest 
Kendall of the Columbia Research Di- 
vision, Goldwater Memorial Hospital, 
the cholesterol of egg yolk diluted in 
0.9% saline and India ink. In one ex- 
periment, for example, the initial con- 
centration of cholesterol in colloidal 
suspension was 1,728 mg. per 100 ce. 
After filtration through an artery the 
fluid in the lumen of the vessel con- 
tained 3.588 mg. per 100 cc. cholesterol 
but the filtrate contained none. 
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Two colored solutions, phenolphtha- 
lein and methylene blue were tested. 
These are believed to pass through 
capillary membranes since they are 
voided in urine. Both of these materials 
had almost the same intensity of color 
in arterial and venous filtrates as in the 
fluid retained in the vessel lumen. Me- 
thylene blue, however, tended to be- 
come paler and turn bluish green on 
contact with the vessel walls. Phenol- 
phthalein tended to turn slightly vel- 
lowish probably due to acidification 
during infiltration. 

Two dyes, Trypan blue (1-10,000 in 
0.9% saline) and Evans blue (1 cc. of 
0.5% solution in 10 ce. of 0.9% saline ) 
were also tested. These are retained in 
the body for prolonged periods after 
intravenous administration. Neither of 
these dves were found in arterial fil- 
trates. Trypan blue was found in dilute 
amounts in venous filtrates but Evans 
blue filtered relativelv freely. However. 
the concentration of neither of these 
dyes was increased in the non-filtered 
Huid left in the vessel lumens. The in- 
timal surfaces of both arteries and 
veins were more intensely colored than 
the original dye solutions. It is appar- 
ent, therefore, that both of these ma- 
terials entered the vessel wall but were 
unable to penetrate the entire thickness 
of arteries. Attempts to measure the 
concentration of these various dves 
photometrically did not vield reliable 
results probably because of changes in 
color and bleaching due to oxidation 
or increased acidity or to turbidity of 
the non-filtered fractions. 

There is another groun of substances 
of intermediate molecular size, frac- 
tions of which filter through both ex- 
cised arteries and veins. The substances 
in this group include hemoglobin, egg 
and serum albumen, serum globulin 
and calcium and both the ester and 
free fractions of serum cholesterol. 
Much of these materials are unable to 


enter the vessel walls as is indicated 
by their increased concentration in the 
non-filtered fluid retained in the lumen 
of the vessel after filtration. With the 
Bloor method of cholesterol determina- 
tion, the ratio of ester to free choles- 
terol was essentially the same in the 
arterial filtrates as in the original sera 
even though the total cholesterol in 
the filtrates was much lower. In Sperry- 
Schoenheimer determinations, the smal] 
amount of cholesterol found in arterial 
filtrates consisted largely of cholesterol 
ester. Reference to Tables 2 and 3 
shows that in every instance the vein 
wall is much more freely permeable to 
this group of substances than is the 
arterial one. 

An inverse relationship between 
molecular size and filterability is found 
in the substances in this group. A large 
proportion of the relatively small hemo 
globin (77.38%) and egg albumen 
(72.5%) molecules are found in ar 
terial filtrates. Only small amounts of 
the larger globulin or protein bound 
cholesterol compounds are found. Th 


failure of some of the serum calcium’ 


(26.9%) to filter through arteries is pre 
sumably due to its union with protein 
A striking difference (Tables 2 and 
3) is noted in the relative permeability 
of excised arteries and veins to pro 
teins and lipids. Only about 20% of 
serum cholesterol and 30% of serum 
globulin escave through arteries wher« 
as about 50% of the cholesterol and 
70% of the globulin filter through veins 
DIALYZING PROPERTIES OF EXCISED 
ARTERIES AND VErNs. The differences in 
permeability of excised arteries and 
veins noted by chemical analvsis of fil 
trates are confirmed bv simvle dialvsis 
experiments. If blood serum is placed 
in the lumen of an arterv connected to 
a standard 1 ce. serological pivette with 
2 mm. bore and the artery is then im- 
mersed in 0.9% saline to just above the 
top of the vessel, the level of fluid in 


the 
fu 
of 

no 
of 

pr 
th 
an 


' 
23 
2 
= 
: 
4 
: 


WILENS, 


MCCLUSKEY: 
the pipette will rise until the column of 
fluid is from 7 to 13 cm. above the level 
of the saline. This indicates that the 
non-filterable proteins and lipoproteins 
of the sera exert a sufficient osmotic 
pressure to cause a flow of fluid into 
the vessel. If the procedure is reversed 
and saline is placed in the artery and 


ISED 


ARTERIES AND VEINS m4 
sure. This is sufficient to cause a rise 
in the serum level in the pipette above 
the level of the external column of 
saline of only about 1 to 4 cm. These 
observations correspond roughly to the 
positive filtration pressures required 
to force serum through arteries and 
veins. With veins, only minimal posi- 


TABLE 2. FILTRATION OF SERUM CHOLESTEROL THROUGH EXCISED 
ILIAC ARTERIES AND VEINS 


Original 
Serum 
No. of mg. 100 ce, 
Potal Artery 25 245 
( holesterol Vein 17 270 
Ester Artery 171 
Cholesterol Vein 12 192 
Free Artery 15 79 
Cholesterol Vein 12 ll2 
* Per 
TABLE 3 


Non-filtered Serum 
in Vessel Lumen 
after Filtration Filtrate 


mg. 100 ce. mg. 100 ce, 


208 5 tS 19 6 
56 168 4 
895 231.0 36 21 6 
S15 164.0 80 417 
149 ISS 6 19 24.1 
164 146 4 72 64: 


cent of original concentration 


THE FILTRATION OF SERUM PROTEIN THROUGH EXCISED 


ILIAC ARTERIES AND VEINS 


Original 
Serum 
No. of qm. 100 ce, 
NNE / Exp. Mean 
Potal Artery 15 
Protein Vein 19 7.2 
\lbumen Artery 14 $5 
Vein 12 4.8 
Globulin Artery 14 2.7 
Vein 12 2.6 


Non-filtered Serum 
in Vessel Lumen 


after Filtration Filtrate 

gm. 100 ce. qm. 100 ce. 
Mean Mean 
12.1 190.1 3.4 47.9 
8.7 120.8 5.9 81.9 
6.7 140.9 2.5 55.6 
107.0 10 90.7 
§.8 203.8 0.8 29.6 
3.8 146.2 1.8 69.2 


* Per cent of original concentration 


ipette and the artery is then immersed 
' serum, the level of saline in the pip- 
tte falls until it is empty. 

Similar dialysis experiments per- 
rmed with veins indicate that the 
reater permeability of these is such 
iat only a small fraction of serum col- 
ids exert an effective osmotic pres- 


tive pressures are needed to cause fil- 
tration but with arteries, a pressure of 
more than 20 mm. Hg is necessary to 
cause a measurable escape of fluid. 
INTRAMURAL DEPOSITION OF FILTERED 
Supstances. By calculation® it was 
noted that the combined amount of 
protein or cholesterol in the filtered and 


~ 
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non-filtered serum fractions after trans- 
arterial filtration was less than would 
be expected in an equivalent volume of 
the original serum. It was concluded, 


ISED ARTERIES AND VEINS 


therefore, that some of these materials 
were retained in the tissues of the ves- 
sel wall during filtration. The intra- 
mural deposition of dyes was readily 


Legends for’ Figures 1 to 4 on page 545 
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demonstrated in frozen sections of the 
vessel wall. Similarly lipid deposits 
were identified by Sudan IV stains on 
frozen sections. 

Constant differences in the deposi- 
tion of these materials in arteries and 
veins were noted. India ink adhered to 
the intimal surfaces of both arteries 
and veins and was occasionally demon- 
to penetrate to the internal 
elastic lamella of arteries. Trypan blue 
in 0.9% saline readily penetrated to the 
internal elastica of arteries but reached 
the inner layers of the media only after 
prolonged filtration at very high pres- 
sures. It never penetrated to the middle 
third of the media. In veins, however, 
even at low tensions, this dye stained 
the entire wall uniformly. Evans blue 
in 0.9% saline stained intensely both the 
intima and inner half of the media of 
low filtration pressures. 

uniformly impregnated 
throughout with this material. Bile and 
hemoglobin stained the entire  thick- 
ness of both arteries and veins; gross 


strated 


arteries at 


Veins were 


staining was intense but in frozen sec- 
tions, the tissues were only lightly col- 
ored with these materials. 

\fter 24 hours of filtration of serum 
pressures of 100 mm. Hg or greater, 


Legends for Figures 1 to 4 
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EXCISED 


ARTERIES AND VELNS 


sudanophilic material was regularly 
demonstrated in the arterial wall. ‘lhe 
amount of lipid deposition varied di- 
rectly with the duration and pressure 
of filtration. In 60 hours, the entire 
media and intima were usually heavily 
impregnated throughout with lipid, but 
the adventitia contained none. In 24 
to 48 hours, 2 distinct zones of lipid 
deposition could be noted. There was 
usually a heavy zone of lipid desposi- 
tion along the outer margin of the 
media and a more delicate layer of 
lipid in the intima though the latter 
zone was sometimes lacking. It was not 
possible to predict whether or not lipid 
would remain in the intima during fil- 
tration. This happened most frequently 
when the arterial intima was somewhat 
thicker than normal. It was not always 
possible to exclude the presence of pre- 
existing spontaneous, extracellular in- 
timal lipid. Therefore, control sections 
from adjacent segments of the artery 
not exposed to filtration were prepared 
regularly. 

The filtration of blood serum through 
excised veins usually did not lead to 
intramural lipid deposition. Occasion- 
ally after prolonged filtration, very light 
diffuse deposits of sudanophilic mater- 


Longitudinal sections of iliac artery after 60 hours of filtration of serum at 200 mm. 


lle stained with Sudan IV but without counterstain. The intima and media are heavily impreg- 
ed with lipid and appear greyish black. The indentation represents the point of ligation and 
light grey segment above this was not exposed to filtration. The frozen section was cut at 

) micra-and obliquely through the wall to accentuate the lipid and increase the thickness. x6 


I 2—Sudan I\ 


stained frozen section of iliac vein after 48 hours of filtration of serum at 
Hy. A delicate deposit of lipid is represented by a thin grey line just beneath the 


mal surface (right border). This is the heaviest deposit of linid noted in the 40 veins that 
were sectioned. 75 micra thick. x20 


s—Sudan IV and hematoxylin stained frozen section of iliac artery after 36 hours filtra- 
of serum at 200 mm. Hg. The darkened areas represent zones that are impregnated with 


|. In places this is most marked in the intima and subintimal zone (upper right). Elsewhere 


ver left) the lipid is heaviest at the outer margin of the media. Section 25 micra thick. x96 


!—Sudan IV stained frozen section -without counterstain of iliac artery after 32 hours 
‘iltration of serum at 200 mm. Hg. Lipid deposits are fairly diffuse but are most intense 
the region of the internal elastic lamella and at the outer border of the media. Section 

50 micra thick. x175 
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ial were found in the media of the ves- 
sel. More often there was no stainable 
lipid. This failure of lipid to be de- 
posited in veins, as contrasted to ar- 
teries, is all the more striking in view 
of the relatively rapid rate of diffusion 
of serum through the former. Further- 
more, the chemical analyses of re- 
tained, non-filtered serum in the ves- 
sel indicates that much of the serum 
cholesterol is able to enter and pass 
through the walls of veins. 

Discussion. The foregoing observa- 
tions suggest that the semipermeabil- 
ity of vascular membranes to blood 
serum constituents depends in part 
upon the inherent structural arrange- 
ments of their framework. Living cell 
membranes and vital phenomena un- 
doubtedly serve to regulate the per- 
meability of vascular walls during life 
but there are apparently maximal limits 
of porosity that depend upon the vascu- 
lar architecture and are independent of 
living processes. It is noteworthy that 
the character of filtration through ex- 
cised arterial walls is the same in many 
respects as that which is believed to be 
true of in vivo capillary filtration. 

It is also apparent that excised veins 
have a greater degree of porosity than 
arteries. Not only is the passage of 
fluid more rapid but considerably 
larger proportions of serum colloids 
are able to pass through the walls of 
veins than those of arteries. These dif- 
ferences may depend in part upon the 
relative thinness of veins, but may also 
be due to differences in structure of 
these two vessels. In veins. the internal 
elastic lamella is not as well developed 
as in arteries nor does the media have as 
compact an uninterruvted arrangement 
of smooth muscle. The media of veins 
contains more fibrous tissue and this 
often extends through the muscle tis- 
sne irrecularlv narticularly at noints 
where adventitial vessels enter. There 
is a considerable difference in intra- 


mural vascularity of veins and arteries, 
Nutrient vessels are not ordinarily 
demonstrable in the medial coats of 
muscular arteries and even in the 
larger elastic arteries only penetrate 
the outer third. In veins, however, the 
adventitial vessels extend into the 
media and often penetrate almost to 
the intima. The relative ease of dif- 
fusion of colloids through excised 
veins may, therefore, depend upon the 
looser construction of its walls. 

By analogy it may also be argued 
that the structural characteristics of 
veins may protect them from sponta- 
neous lipid deposition during life. Lipid 
deposits in the main pulmonary ar- 
teries are less frequent than in many 
systemic arteries and seldom progress 
to discrete plaque formation in the 
absence of pulmonary hypertension. 
Nevertheless, small intimal accumula- 
tions of lipid are fairly common in 
these vessels in the region of the hilum 
of the lung after the fourth decade of 
life. Since the pulmonary arteries 
transport venous blood, the resistance 
of veins to lipid deposition can hardly 
be attributed to alterations in compo- 
sition between arterial and venous 
blood. 

Similarly, the relatively low blood 
pressure in pulmonary arteries is fre- 
quently greatly exceeded in incom- 
petent veins of the lower extremities. 
In varicose veins, the blood pressure 
may rise to 55 mm. Hg? in upright po- 
sitions, yet lipid deposits are seldom 
found in their walls. Calculations from 
the data of DeCamp and Schramel* 
suggest that following phlebitis the 
pressure in leg veins may exceed 100 
mm. Hg in upright positions. The rela- 
tively low venous blood pressure can- 
not, therefore, be the onlv explanation 
for the absence of livid denosits. It is 
frecnently stated that the “stress and 
strain” to which arteries are exvosed 
favors the development of atheroscle- 


q 
ve 
me 
dis 
qu 
en 
cul 
me 
rar 
po 
ure 
| du 
not 
du: 
vei 
per 
blo 
dif 
anc 
mo 
cou 
spe 
ger 
be 
ver 

in 
arg 
tiss 

the 
ma’ 
: spo 
exc: 
wel 
and 
wer 
sma 

the 
Bot! 
ecu 
: 
4 
4) 


WILENS, MC CLUSKEY: 


rosis. In varicose veins, however, the 
vessels have been exposed to sufficient 
mechanical stress to undergo extensive 
disorganization. Such vessels are fre- 
quently very fibrous and greatly thick- 
ened but lipid deposition does not oc- 
cur. It seems unlikely, therefore, that 
mechanical factors can explain the 
rarity of venous atherosclerosis. 

The demonstration of relatively great 
porosity of excised veins and the fail- 
ure of lipid to deposit in their walls 
during artificial filtration of serum does 
not prove that these properties exist 
during life. Nevertheless, if the living 
vein exhibits a comparable degree of 
permeability to the lipoproteins of 
blood, it would be easy to explain the 
differences in susceptibility of arteries 
and veins to lipid deposition. Further- 
more, if the deposition of lipid that 
occurs in excised arteries during the 
course of serum filtration were a non- 
specific property of excised tissues in 
general, similar lipid deposition might 
be expected in excised veins. Since only 
very scanty lipid deposits are found 
in veins after filtration, it may be 
argued that this property of arterial 
tissue is a fairly specific one and that 
the artificially produced lipid deposits 
may in fact bear some relationship to 
spontaneous ones. 

Summary. The filtration properties of 
excised human iliac arteries and veins 
were tested with human blood serum 
and other fluids. Both types of vessels 
were found to be freely permeable to 
mall molecular substances, such as 
the inorganic constituents of serum. 
Both were impermeable to large mol- 
ecular substances, such as the choles- 
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terol of egg yolk solutions and India 
ink. 

Substances of intermediate molecu- 
lar size, for example hemoglobin, 
serum albumen, globulin and chol- 
esterol, filtered incompletely through 
both excised arteries and veins: The 
amount that filtered varied inversely 
with the molecular size of these col- 
loidal substances. Much larger frac- 
tions were consistently found in venous 
than in arterial filtrates. 

The rate of filtration of serum and 
other fluids through excised veins is 
much more, rapid than through arteries. 
Filtration of serum through veins occurs 
at minimal positive pressures but does 
not occur through arteries at pres- 
sures of less than 20 mm. Hg. 

The differences in permeability of 
veins and arteries to colloids is indi- 
cated by dialysis experiments. The 
greater retention of serum colloids 
within the lumen of the artery causes 
a higher colloidal osmotic pressure 
than is found in veins. 

Filtration of serum lipid and other 
partially filterable substances through 
arteries results in their retention and 
deposition in the tissues of the artery 
wall. Serum lipids, however, are able 
to filter through the walls of veins 
without or with only very slight intra- 
mural deposition. 

Conclusion. The permeability of ex- 
cised veins to serum proteins and lipo- 
proteins is much greater than is that 
of arteries. It is suggested that differ- 
ences in incidence of spontaneous lipid 
deposition in these two tynes of vessel 
may depend in part on differences in 
structure and permeability. 
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SIGNIFICANCE OF DIPHTHEROID MICROORGANISMS IN BLOOD 
CULTURES FROM HUMAN BEINGS.* 


By Moyer S. FLetsHer, M.D. 
BACTERIOLOGIST, THE JEWISH HOSPITAL OF ST. LOUIS 


(From the Division of Bacteriology and Immunology, Laboratories of 


Tue finding in blood cultures from 
human beings of microorganisms which 
are customarily considered to be non- 
pathogenic, must of necessity raise the 
question whether such results are or 
are not to be considered significant. In 
many instances it may be assumed that 
one is dealing with contamination of 
the particular culture; in other in- 
stances the assumption may be made, 
and often has been made, that one is 
dealing with an unusual situation in 
which the non-pathogenic organism 
has taken on an exceptional relation- 
ship to the host and is actually a 
causal agent of disease. 

Among the non-pathogenic bacteria 
which have been reported as being 
present in blood cultures from human 
beings, corynebacteriae other than 
diphtheria bacilli have been repeatedly 
noted. The evidence extends over a 
period of time from 1915 to the 
present (Rosenow!®, Eberson’, Mel- 
lon!*, Koch and Mellon 12, Grumbach’, 
Fox’, Thompson”’, Jimenez-Diaz and 
Arional!, Dyken, von Wernerskerken 
and Buete*). No etiologic relationship 
to any specific disease has been sug- 
gested by the majority of the investi- 
gators, excepting, however, Grumbach, 
who considered the organisms which 
he isolated as being the causal agent 
of Hodgkin’s disease. 

Studies which we have carried out 
over a period of several years have led 
to a belief that there may be signifi- 
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cance in the finding of diphtheroid 
organisms in blood cultures of human 
beings. 


Methods. A majority of earlier reporters of 
the finding of diphtheroid organisms in blood 
cultures have noted that the bacteria grew 
only after some delay, which varied between 
8 days and 21 days. It is evident that these 
microorganisms either are present in very 
small numbers and require time to multiply 
sufficiently so that they may be demonstrable, 
or one may suggest that they pass through 
some phases of transformation before they 
are actually demonstrable as diphtheroid 
bacilli. 

We have adopted a method which we 
believe serves to allow the organisms, when 
present, to grow satisfactorily. At about 7 
days after the original culture has been made 
in a flask containing Tryptose Broth (Difco), 
0.5 cc. is transferred from the flask to a tube 
of the same medium containing 15 cc. 
At approximately 7-day intervals.  trans- 
fers are repeated in series for 2 additional 
times, so that a series of 3 tubes from each 
culture is available for study. Diphtheroid 
organisms may not be demonstrable at any 
time in the original flask or in the first trans- 
fer, but may appear in the second or third 
transfer. Often it may be impossible to dem- 
onstrate organisms on a stained smear from 
the liquid media, but a transfer to solid media 
will show a good growth. Or at times in 
older cultures transfer to solid media does 
not result in the appearance of growth, but 
if a fresh transfer is made to liquid media 
and then to solid media, the organism mav 
be found to grow actively. It is not our intent, 
here, to discuss af length the cultural tech- 
niques but simply to point out the fact that 
the presence of these diphtheroid organisms 
may readily be overlooked unless certain 
technical details are kept in mind. 


* Aided by the Research-Tribute Fund of The Jewish Hospital of St. Louis. 
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The organisms which have been iso- 
lated in the studies reported here are 
not all of the same species, as judged 
by morphology, biochemical charac- 
teristics and serological qualities. Mor- 
phologically there was wide variation 
from relatively large, granular-staining 
rods or club-shaped forms through 
smaller rod-like forms with darker- 
staining bars, to rather short rods with 
a suggestion of polar staining. In most 
strains the more or less obvious diph- 
theroid forms were associated with 
large coccoid forms. There was some 
degree of overlapping in the individual 
strains within the gamut of the mor- 
phology described, although the ten- 
dency was evident for a_ particular 
strain to adhere to a fairly narrow mor- 


“4 phological range. The great majority of 
gh § strains isolated did not ferment any of 
ey the more commonly used _ carbohy- 
id § drates nor any of the less commonly 
used ones. Serologically there anpeared 
ee to be an immunologic relationship be- 
7 § tween many of the strains, but only a 
ade limited number appeared to be sero- 
00), § logically identical. It was evident that 
ube J a variety of diphtheroid organisms 
bes had been isolated and the blood cul- 
al @ tures had not yielded a specific type of 
ach organism. 
roid Results of Studies of Blood Cultures. 
any § In the series reported here blood cul- 
hind tures from 119 persons were studied 
em @ by the methods described. About 300 
rom § cultures were carried through the serial 
edia § transfers. In Table 1 are listed the 
s in § individuals in whom blood cultures 
were positive for diphtheroid organ- 
edia @ isms, with the number of cultures from 
may § each individual, the number of positive 
tent, § cultures obtained, and the diagnosis. 
techy It will be noted that 8 individuals 
that ft affected with Hodgkin’s disease gave 
nisms 
tain Or more positive blood cultures 


(No. 1 to 8). Two additional individ- 
uals in whom the diagnosis of this 
disease was made by biopsy did not 
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show any positive cultures, although 
in the one case a total of 10 blood cul- 
tures were studied; in the other nega- 
tive case, only 1 blood culture was 
available. It may be noted that the 
first patient mentioned, in whom 10 
negative cultures were obtained, was 
19 years old, younger than the ma- 
jority of the other individuals suffer- 
ing with Hodgkin’s disease. In all cases 
of Hodgkin’s disease which showed a 
positive culture for diphtheroid organ- 
isms the disease process was primarily 
internal, usually abdominal, and very 
little or late evidence of peripheral in- 
volvement was noted. 

Six of the patients from whom 2 or 
more positive blood cultures were 
obtained had malignant disease affect- 
ing the lymphoid-reticulo-endothelial 
system (lymphosarcoma, malignant 
lymphoma, and others (No. 9 to 14). 
Cultures from 2 other patients in 
whom similar conditions were diag- 
nosed by biopsy did not at any time 
show positive cultures. Again it may 
be of interest to note that in prac- 
tically all cases of lymphomatous in- 
volvement with positive cultures the 
lesion was in the abdominal cavity. 

A patient suffering with tuberculous 
adenitis (No. 15), as proved by cul- 
ture, showed diphtheroid organisms in 
1 of 4 blood cultures. 

In 1 case of infectious mononucle- 
osis, with high temperature and severe 
symptomatology, 1 of 2 blood cultures 
was positive. However, in another case 
of infectious mononucleosis which ran 
a rather mild course, diphtheroid or- 
ganisms were not demonstrable in 
blood cultures. 

An isolated case of recurrent erythe- 
ma nodosum, probably due to infec- 
tion (No. 17), gave one positive cul- 
ture out of the two cultures which 
were studied. Rosenow'® has culti- 
vated pleomorphic microorganisms 
from both the nodules and adjacent 
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lymph nodes in cases of erythema 
nodosum. These observations were 
confirmed by Moon and Strauss!7, who 
in addition were able to isolate a 
similar microorganism from the blood 
in a case of erythema nodosum of un- 
usual severity. 

In 1 of 2 blood cultures from a case 
of rheumatic fever associated with 
adenitis (No. 18), diphtheroid organ- 
isms were isolated. 

In each of 8 patients with pneumon- 
itis (Nos. 19,2021), probably of bac- 
terial etiology, a single culture positive 
for diphtheroid organisms ob- 
tained. However, in 9 other patients 
with pneumonitis, no positive cultures 
were shown. 

In a patient with arteriosclerotic 
disease, hospitalized because of cere- 
bral arteriosclerotic thrombosis (No. 
22), 1 blood culture was positive for 
the organisms under consideration. 

In the remaining 5. patients listed as 
giving positive blood cultures it is 
difficult or impossible to give a final 
diagnosis. In at least one of these 
individuals (EPo No. 23), Hodgkin’s 
disease or sarcoma remains at the pres- 
ent time as the possible diagnosis; the 
clinical picture bears a distinct re- 
semblance to that noted in the earlier 
stages of the case listed as anavlastic 
retroveritoneal sarcoma (B.H. No. 11). 
In this later case (EPo No. 23) it may 
also be of interest to note that 3 of 5 
blood cultures were positive. 

In the remaining 4 patients, long- 
continued or intermittent fever has 
heen a definite svmptom. In 2 of these 
(Nos. 24 and 25), subacute bacterial 
endocarditis had been diagnosed at an 
earlier date and the patients were 
treated with antibiotics. Subsequent to 
apparent recovery they were both 
again hospitalized with recurrent fever, 
which continued over periods of sev- 
eral weeks. In the one case (CT, 
No. 25) the fever was presumably due 


to a renal infection; in the other 
(HG, No. 24) the underlying cause 
of the continued febrile condition is 
not clear. The 2 remaining patients 
with continued fever (Nos. 26 and 27) 
must be listed as undiagnosed cases, 
In these 27 patients, in whom one or 
more positive blood cultures for diph- 
theroid organisms were demonstrated, 
it is of interest to note that in those 
listed as having Hodgkin’s disease or 
lymphomatous tumors, more than one 
positive blood culture was found, in 


‘contrast to the finding of only a single 


positive blood culture in the other 
cases. It is, however, open to question 
whether one can lay stress upon this 
fact, since in a number of the latter 
cases only a single or a limited number 
of cultures were studied. The excep- 
tion to this statement is, of course, the 
individual EPo, in whom 3 of 5 cul- 
tures were positive and the diagnosis 
of lymphomatous malignancy remains 
as a possibility. 

In the group of individuals who did 
not show a positive culture, aside from 
those mentioned above, of greatest 
interest is the constantly negative re- 
sult in 6 cases of various types of 
leukemia. 

Blood cultures were studied from an 
additional 72 patients who entered the 
hospital with surgical conditions, car- 
ditis, infections of the genito-urinary 
tract, anemias of various types, neph- 
ritis, sinusitis, or a febrile condition of 
brief duration: a group in which the 
diagnosis of either Hodgkin’s disease 
or lymphosarcoma or allied conditions 
did not enter into the picture. In some 
of these patients as many as 9 cultures 
were studied, all with negative results. 

While it is not possible to draw a 
sharp line of differentiation between 
the types of disease in which positive 
blood cultures for diphtheroid organ- 
isms were demonstrated and those in 
which all blood cultures remained 
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negative, it does appear that there are 
differences in the 2 groups. Eighteen 
of the 27 cases in which positive cul- 
tures were demonstrated were patients 


in whom the lymphoid-reticulo-endo- . 


thelial system was involved. Whether 
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cultures, there would be little reason 
to assume involvement of the lym- 
phoid-reticulo-endothelial system. 
Discussion. It should be definitely 
stated that diphtheroid organisms iso- 
lated in blood cultures are not consid- 


TABLE 1.—CLINICAL DATA IN 27 PATIENTS WITH POSITIVE BLOOD CULTURES 
FOR CORYNEBACTERIA 


Number of 
cultures 
taken 


Number & 
Patient 


Cultures 
positive 


© 


or 
© © we 


S 


8 


P. 
Ma. 
K. 
R. 

H. 
Ww. 
B. 
= 
.L. 
U. 
M. 
M. 
H. 


Hodgkin’s disease (Abdominal) 
“ “ “ 


Lymphosarcoma 
“ 


Anaplastic Retroperitoneal Sarcoma 
Malignant Lymphoma 

Malignant Lymphoma, 

Reticulum Cell Sarcoma 

Malignant Lymphoma B 
Tuberculous Adenitis 
Infectious Mononucleosis 
Erythema Nodosum (recurrent) 


Continued fever 
Rheumatic Fever Adenitis 


Pneumonitis 


Biopsy (B) 
or 


Diagnosis Autopsy (A) 


B, Culture 


Arterioscleresis, Cerebral 


Arteriosclerotic Thrombosis 


Continued Fever (FUO) 


Suspected Hodgkin’s disease 
Continued Fever (FUO) 
Recovered SBE 


Continued Fever (Pyelonephritis) 
Recovered SBE 

Continued Fever (FUO) 
Undiagnosed 

Continued Fever (FUO) 
Undiagnosed 


me is to assume that in some cases of 
eumonia lymphoid tissue may be 
eeondarily involved is a matter of 
inion and possibly would vary in 
idividual cases. In many of the 
liseases listed as not giving positive 


ered as etiological agents in any of the 
diseases listed in Table 1. However, it 
is evident that in a majority of diseases 
in which we were successful in isolat- 
ing these organisms there was involve- 
ment of the lymphoid tissue and it 
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appears worthwhile to search for a 
possible explanation of this association. 

A number of investigators have 
shown that diphtheroid organisms can 
be cultured from lymph nodes of 
human beings. The earliest studies 
were stimulated by the reports of 
de Negri and Mieremont (5), and of 
Bunting and Yates (3a, b, c, d) relating 
to the finding of such bacteria in lymph 
nodes from patients affected with 
Hodgkin’s disease. It became evident 
that lymph nodes from patients with a 
variety of diseases also harbored such 
organisms and that they might be 
present in. lymph nodes even from 
presumably normal individuals (Bill- 
ings and Rosenow!, Rosenow', 
Steel?!, Lanford'*, Rhea and Fal- 
coner!’, Kusunaki!*, Litterer!®, Ives?°, 
Mellon?®, Eberson?, van Rooven?>, 
Stewart?*, Fox’, Cunningham‘, Yates, 
Bunting and Kristjansen?*, Simon and 

In the studies concerning the diph- 
theroids in lymph nodes, a wide variety 
of these organisms were found. 
Torrey** divided the organisms which 
he isolated into 3 groups: 1) large 
pleomorphic organisms, 2) smaller and 
less irregularly-staining, rod-like bac- 
teria, and 3) somewhat pleomorvhic 
chromogenic rods. All the evidence 
which has accumulated shows clearly 
that’ a very considerable variety of 
diphtheroids may be present in lymvh 
nodes. A majority of the lymph nodes 
studied were from patients with Hodg- 
kin’s disease or lymphosarcoma, Ilvmph 
nodes involved in metastatic malignan- 
cies or in leukemia. None of the inves- 
tigators were successful in isolating 
diphtheroids from every lymph node 
studied, but Bloomfield? reported that 
in 76% of cases in which lymph nodes 
were involved in disease, such organ- 
isms were isolated, while in only 27% 
of non-involved lymph nodes were the 
cultures positive. 


As stated earlier, there are numerous 
reports in the literature of positive 
blood cultures showing diphtheroid 
organisms in a rather wide variety of 
diseases. Possibly a major portion of 
such reports are of cases of Hodgkin's 
disease, but also prominent in such 
reports are rheumatic disease (not 
otherwise defined), pneumonia and 
endocarditis. Thompson reported find- 
ing diphtheroid organisms in routine 
blood cultures: there were 33 positive 
cultures in a total of 1079 cultures and 
these in 30 patients in a total of 730, 
Again it is evident that in a limited 
number of blood cultures diphtheroid 
organisms may be isolated, and in cer- 
tain cases such organisms may be re- 
peatedly isolated from the same 
individual. 

In the series of cultures which we 
have studied and which were positive 
for diphtheroid organisms we _ find, 
with a considerable degree of regu- 
larity, that we are dealing with con- 
ditions in which the lymph nodes are 
involved, or, with far less frequency, a 
primary involvement of the lungs. 

We, therefore, believe it justified to 
assume that there actually exists a re- 
lationship between the disease in the 
patient and the finding of diphtheroids 
in blood cultures. 

Since diphtheroid organisms are 
frequently present in the lvmph nodes 
of human beings, it would seem rea- 
sonable to suppose that when such 
tissues are involved in disease, these 
microorganisms may be mobilized and 
be present in the blood stream, then 
to be demonstrable in blood cultures. 
As may be noted from our results, posi- 
tive blood cultures are not obtained 
constantly from any one patient. The 
finding of diphtheroid organisms in a 
particular patient in a single blood 
culture is a matter of chance. At one 
time, particularly in patients with 
Hodgkin’s disease showing a Pel 
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Ebstein temperature curve, it was 
thought that the positive cultures oc- 
curred during the febrile periods. The 
entire series of studies in various pa- 
tients did not, however, bear out this 
concept. 

We can also suggest that when 
diphtheroid organisms are found on 
several occasions in the blood cultures 
of a patient, one should consider the 
possibility of either Hodgkin’s disease 
or malignant lymphomatous involve- 
ment. 
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Conclusions. Study of a series of 
27 blood cultures which were posi- 
tive for corynebacteria other than 
diphtheria bacilli, suggests that micro- 
organisms of this type are present in 
the blood stream in conditions in 
which the lymphoid-reticulo-endothe- 
lial system is involved. Repeated find- 
ing of such diphtheroid organisms in 
blood cultures suggests the existence 
of either Hodgkin’s disease or malig- 
nant lymphomatous involvement. 
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INCIDENCE AND DIAGNOSTIC VALUE 
OF THE 
OCULAR FUNDUS LESIONS IN HOSPITALIZED MEDICAL PATIENTS 


By Curtis D. Benton, Jr.,; M.D. 


RESEARCH DIRECTOR, CLAY MEMORIAL EYE CLINIC; 
ASSOCIATE IN OPHTHALMOLOGY, 
EMORY UNIVERSITY SCHOOL OF MEDICINE, 
ATLANTA, GEORGIA 


. Tus study consisted of careful oph- 
thalmoscopic examination by the au- 
thor of a series of 500 patients ad- 
mitted to the Medical Wards of a gen- 
eral hospital. The purpose of this sur- 


TABLE 1.—DISEASE CONDITIONS PRES- 
ENT IN 500 CONSECUTIVE PATIENTS 
ADMITTED TO MEDICAL SERVICE 
WARDS 


Blood Disorders (including anemia) 

Bone and Joint Diseases 

Chemical Poisoning 

Collagen Diseases (other than rheumatic 
fever) 


Drug Intoxication 
Endocrine Disorders 
Gastrointestinal Disorders 
Heart Disease 

Hypertension 

Infectious Diseases (generalized) 
Kidney Diseases 

Liver Diseases 

Lymphatic System Diseases 
Nutritional Deficiencies 
Nervous System Diseases 
Peripheral Vascular Diseases 
Phakomatoses 

Pregnancy 

Pulmonary System Diseases 
Skin Diseases 


vey was to determine the incidence of 
ocular fundus abnormalities in medical 
patients and to determine how fre- 
quently the findings by ophthalmos- 
copy supplied information of value in 


(554) 


the diagnosis of the disease conditions 
encountered. A list of the various med- 
ical diseases present in the group of 
500 patients is given in Table 1. 

All pupils were dilated with a sym- 
pathomimetic mydriatic drug and ab- 
normalities of the globe, cornea, iris, 
lens, vitreous, and fundus were noted 
and recorded. Changes in the lids and 
conjunctiva such as conjunctivitis or 
jaundice were not included in this re- 
port. 


TABLE 2.—CLASSIFICATION OF 500 
PATIENTS ACCORDING TO TYPE OF 
OCULAR LESIONS 


No. of Patients 
Significant Findings 
Changes unrelated to patient’s 
condition 
No abnormalities .... 


Findings. More than half of the 500 
patients had some definite ophthal- 
moscopic abnormality of one or both 
eyes. Only 222 (44.4%) of the entire 
group were recorded as normal. Many 
of the eye conditions had no relation 
to the patient’s current illness, such as 
old corneal scars, senile cataracts, con- 
genital anomalies, and others. 

The distribution of the various ocv- 
lar abnormalities among the 500 pa- 
tients is seen in Table 2. Many patients, 


= 
of 
le 
in 
tic 
fu 
fir 
Cc 
Ch 
Le 
Dr 
we 
9 
5 cic 
500 
4 
543 
ass 
pri 
tie 
— 


BENTON: 


of course, had 2 or more different 
lesions. 

Ocular findings unrelated to the pa- 
tient’s condition were the only changes 
in 75 patients. Forty-eight other pa- 
tients had both unrelated and related 
fundus changes. A list of the unrelated 
findings appears in Table 3. 


TABLE 3.—OCULAR ABNORMALITIES 
NOT RELATED TO PATIENT’S MEDI- 
CAL CONDITION 


Congenital Anomalies 35 
Chorioretinitis, old healed ........................ 9 
10 
50 
Drusen of Choroid (extensive) .................. 6 


Significant fundus changes that were 
the result of some medical disease 
were observed in 203 patients. The in- 
cidence of these findings is given in 
Table 4. 


TABLE 4.—INCIDENCE OF FUNDUS 
LESIONS DEFINITELY RELATED TO 
THE PATIENTS MEDICAL CONDI- 
TION 


Retinal Arteriolar Sclerosis ...................... 157 
Optic Nerve Edema, Pallor, or Atrophy 48 
Retinal Hemorrhages 65 


58 
Venous Cyanosis or Congestion ................ 20 

365 


The sienificant fundus abnormalities 
associated with various disease condi- 
tions were as follows: 

AneMiA. There were 6 patients with 
primary (pernicious) anemia and 20 pa- 
tients with anemia secondary to gas- 
trointestinal hemorrhage, liver disease, 
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and others. Retinopathy in secondary 
anemia was rarely observed except 
after repeated or prolonged episodes of 
hemorrhage. In general, retinopathy 
did not develop in primary or second- 
ary anemia until the red blood cell 
count was below 2.5 million and the 
hemoglobin was below 8.0 gm. 

The retinal changes that were seen 
in patients with anemia were a pallor 
of the optic disc, mild retinal edema 
around the disc, patches of localized 
superficial retinal edema (cotton-wool 
exudates), and superficial hemorrhages 
(flame-shaped). The only difference be- 
tween pernicious anemia and secondary 
anemia was the more common occur- 
rence of white centers in the hemor- 
rhages in pernicious anemia. 

CHEMICAL Potsoninc. There was one 
patient with phosphorus poisoning and 
one with mercury poisoning. In each 
patient there was mild retinal edema 
around the macular area. 

During the period covered by this 
study, a very large number of cases 
of methyl alcohol poisoning were seen 
in a one-week period (320 cases); a 
complete report of these cases will ap- 
pear elsewhere. The fundus lesion of 
acute methyl alcohol poisoning pro- 
gresses from an early hyperemia of the 
optic disc to mild, moderate or severe 
peripapillary retinal edema of a whit- 
ish color. Such a picture in the fundus 
of a person unconscious from methyl 
alcohol poisoning should readily lead 
to a correct diagnosis. 

Diasetes ME titus. Nineteen of the 
38 patients with diabetes mellitus had 
no ophthalmoscopic evidence of their 
disease. Six patients had cataracts. The 
remaining 13 had fundus changes 
ranging from a single small capillary 
aneurysm to the full blown picture of 
diabetic retinopathy. Eight of these 13 
patients had retinal vascular disease. 

It is noteworthy that ophthalmo- 
scopic examinations by the medical 


555 

ns 
ad- 

of 
m- 
ab- 
ted 
ind 

or 

re- 
500 

OF 

500 
hal- 
oth 
\tire 
any 
tion 
h as 
con- 
ocu 

pa- 
ants, 


556 BENTON: 


students and house staff were reported 
as showing diabetic fundus abnormal- 
ity in only 4 of the 18 patients later 
found to have such lesions. The small 
round red spots variously called deep 
hemorrhages or capillary aneurysms 
can often be detected only by careful 
observation with good illumination and 
widely dilated pupils. Another abnor- 
mality often seen that is characteris- 
tic of diabetes, but not diagnostic, is a 
dilatation and tortuosity of the small 
retinal venules. The observation of this 
phenomenon should at least make one 
suspicious of diabetes. 
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flame-shaped hemorrhages (many with 
white centers) and white exudates 
(Roth spots) in both eyes. As would be 
expected, all cases of hypertensive 
cardiovascular disease had ophthalmo- 
scopic evidence of retinal vascular 
disease. 

HYPERTENSION. An attempt was made 
to classify the retinal arteriolar changes 
of a sclerotic and hypertensive nature 
according to the grouping of Keith and 
Wagener as indicated in Table 5. The 
picture of acute angiospastic retino- 
pathy was considered separately. 


TABLE 5.—CLASSIFICATION OF DIFFUSE ARTERIOLAR DISEASE WITH 
HYPERTENSION (Keith and Wagener, 1939) 


GROUP: 


L. Mild narrowing or mild sclerosis of retinal arterioles, evidenced chiefly 


by a broadened reflex stripe 


160/100 


II. More distinct changes in retinal arterioles. Increased arterial reflex stripe. 
A. V. compression or general and localized narrowing of angiospastic 


origin 


- 190/120 


III. Definite sclerosis of arterioles, A. V. compression, angiospastic retino- 
pathy with hemorrhages and cotton-wool exudates, but no edema of 


B.P. 220/140 


IV. Spastic and organic narrowing of retinal arterioles, A. V. compression. 
Diffuse retinopathy with edema of the disc, hemorrhages and cotton- 
wool exudates 


GASTROINTESTINAL DisEAsES. There 
are no fundus changes specific for any 
type of gastrointestinal disease. The 
retinopathy of anemia secondary to 
bleeding from the stomach, esophagus 
or intestine has already been remarked 
upon. 

Heart Disease. The ocular fundi 
were negative in all 14 cases of rheu- 
matic heart disease. Thirteen of 29 pa- 
tients with acute myocardial infarc- 
tion had retinal arteriolar sclerosis, 
whereas the other 16 had normal ret- 
inal arterioles. In congestive heart fail- 
ure from any cause, a deéfinite darkness 
of the retinal veins was detectable in 
one-third of the cases. Three cases of 
subacute bacterial endocarditis had 


230/150 


The arterial blood pressure was in a 
range predicted on the basis of Groups 
I to IV of the retinal arterioles in 56 
of the 81 patients with hypertension, 
including 8 with malignant hyperten- 
sion. In 8 patients the systemic blood 
pressure was higher than expected 
from the retinal vascular changes and 
in 15 patients the blood pressure was 
lower than anticipated. Five of these 
latter 15 patients had congestive heart 
failure or some severe disease that had 
caused a temporary drop in blood pres- 
sure; later the blood pressure in these 
5 patients rose to a height consistent 
with the fundus picture. Another 5 of 
these 15 patients had a history or 
record of previous hypertension, but 
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no such history was obtained from the 
remaining 5 patients in this group. 
Only 2 patients with definite essential 
hypertension had completely normal 
retinal vessels. Five patients had ret- 
inal arteriolar changes that were en- 
tirely spastic in nature (such as in 
acute glomerulonephritis); all 5 had 
a markedly elevated blood pressure. 

A careful evaluation of the status of 
the retinal arterioles should be made 
on every patient with an elevated sys- 
temic blood pressure. No other diag- 
nostic instrument offers such a wealth 
of information about hypertension as 
does the ophthalmoscope. The intern- 
ist is able, by the help of such an 
examination, to understand more fully, 
the nature, management and prognosis 
of his patients with hypertension. 

Acute Inrectious DisgaseEs. Eleven 
patients with acute infectious diseases 
(such as infectious mononucleosis), and 
fever of undetermined etiology showed 
no fundus changes. 


Kipney Diseases. Seven patients had 


acute glomerulonephritis. Five had 
ophthalmoscopic evidence of angio- 
spastic retinopathy, characterized by 
arteriolar narrowing without a change 
in the light reflex stripe and mild ret- 
inal edema around the disc or pos- 
terior pole. In patients with hyperten- 
sive retinopathy whose hypertension 
was the result of chronic kidney disease 
or was complicated by kidney failure, 
the incidence of retinal cotton-wool 
patches was much higher than in the 
hypertensive group with normal kid- 
neys. Whenever fresh exudates (cotton- 
wool patches) are ‘the predominant 
finding in hypertensive retinopathy, the 
clinician should carefully evaluate the 
status of his patient’s renal function. 
These findings just described when 
seen in conjunction with diabetic ret- 
inopathy led to the diagnosis of Kim- 
melstiel-Wilson syndrome in one pa- 
tient and were also seen in another 
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patient on whom the diagnosis had al- 
ready been made. 

Liver Diseases. The ocular fundi 
were normal in 35 of 42 patients with 
liver disease, including 12 cases of in- 
fectious hepatitis, 12 of cirrhosis, 11 
jaundice, and 6 others. The only posi- 
tive findings were due to a secondary 
anemia in 2 patients with cirrhosis, an 
unrelated hypertension in 3 patients, 
and a yellowish discoloration of the 
optic discs in 2 patients with intense 
jaundice. 

Diseases INVOLVING LYMPHATICS. 
There were no fundus abnormalities 
seen in 6 patients with Hodgkin’s dis- 
ease and in 6 patients with lymphoma. 
One patient with leukemia had nor- 
mal fundi and one had typical changes 
consisting of edema of the optic nerve 
head and surrounding retina, disten- 
tion and tortuosity of arterioles and 
veins with a tendency for the 2 types 
of vessels to approach each other in 
color, hemorrhages (some with white 
centers), and exudates (cotton-wool 
patches). 

DisEASES INVOLVING THE CENTRAL 
Nervous SystEM. One case of brain 
tumor was encountered in this series. 
There was no papilledema present, but 
a primary tyne of optic atrophy in one 
eyé led to localization of the men- 
ingioma near the optic chiasm. The 
fundi were normal in 10 vatients with 
functional nervous disorders and in 4 
patients with acute meningitis. One 
patient with meningitis had a slightly 
hyperemic optic nerve head and an- 
other had slightly distended retinal 
veins. Nine of 10 patients with a cere- 
bral vascular accident had some degree 
of retinal arteriolar sclerosis. Two pa- 
tients with cerebral syphilis had _pri- 
mary atrophy of the optic nerves, a 
diagnosis that can be made only by 
ophthalmoscopic examination. One pa- 
tient with subarachnoid hemorrhage 
had mild papilledema, another had su- 


h 
e 
)- 
ir 
le 
e 
d 
e 
)- 
10) 
0 
LO) 
a 
n, 
1- 
d 
d 
1S 
rt 
d 
S- 
se 
at 
of 
or 
it 


558 BENTON: 


perficial retinal hemorrhages surround- 
ing the discs, and one had normal 
fundi. 

PHAKOMATOsES. One patient, hospi- 
talized because of a spontaneous pneu- 
mothorax, was found to have a nodular 
retinal tumor in one eye. A diagnosis 
of tuberous sclerosis was proposed and 
later confirmed by the finding of in- 
tracranial calcification on Roentgen- 
ray and histological identification of a 
multiple face lesion as adenoma se- 
baceum. 

One patient with neurofibromatosis 
‘had normal fundi. 

DIsEASES OF THE LunGs. The 70 pa- 
tients with acute or chronic lung dis- 
ease had no fundus changes related 
to their pulmonary disorder, with the 
exception of 7 patients in whom the 
retinal veins were of a darker color 
than is normal. 

Skin Diseases. The 4 patients with 
some disease of the skin had normal 
fundi. 

Lupus EryTHEMaTosus. There were 
2 patients with acute disseminated lu- 
pus erythematosus. One had normal 
fundi and the other had one retinal 
lesion resembling a cotton-wool patch 
in one eye. 
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As a part of the undergraduate teach- 
ing program, it was urged that students 
re-examine their patients with the oph- 
thalmoscope through dilated — pupils 
and compare their findings with those 
of the ophthalmologist and with their 
own previous observations. A notice- 
able improvement in ophthalmic diag- 
nosis by the students was observed as 
a result of this procedure. 

Summary. Careful ophthalmoscopic 
examinations through dilated pupils 
were carried out on 500 nearly consec- 
utive patients admitted to the Medi- 
cal Wards of a general hospital. Com- 
pletely normal findings were recorded 
on 222 (or 44.4%) of the 500 patients. 
Intraocular changes relating directly 
or indirectly to the current medical 
status of the patients were present in 
203 (40.6%) of the 500 patients. In the 
remaining 75 patients (15%) various 
local abnormalities of the eyes were 
the only finding. 

The detection of positive physical 
changes, readily accessible to obser- 
vation, in such a large percentage of 
medical patients (40.6%) should be 
ample reward to the physician who 
takes time to do a thorough ophthal- 
moscopic examination on all of his hos- 
pitalized patients. 
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PROMINENCE OF THE LEFT MID-CARDIAC SEGMENT IN 
TITYROTOXICOSIS AS VISUALIZED BY ROENTGEN STUDIES 


By Samuet U. GREENBERG, M.D. 


ASSISTANT CLINICAL PROFESSOR OF MEDICINE, NEW YORK 
UNIVERSITY POST-GRADUATE MEDICAL SCHOOL 


J. A. Rosenxrantz, M.D. 
ATTENDING, MEDICAL SERVICE AND ASSISTANT CHIEF, 
PROFESSIONAL SERVICES, VETERANS ADMINISTRATION HOSPITAL, BRONX, NEW YORK 
AND 


SAMUEL L. BERANBAUM, M.D. 


ASSISTANT CLINICAL PROFESSOR OF RADIOLOGY, NEW YORK 
UNIVERSITY POST-GRADUATE MEDICAL SCHOOL 


(From the Departments of Medicine and of Radiology, New York University Post-Graduate 
Medical School and the Medical Service, Veterans Administration Hospital, Bronx, New York) 


Various opinions have been ex- 
pressed concerning the specific rela- 
tionship between hyperthyroidism and 
cardiovascular complications. The liter- 


ature is replete with reports on the 
effect of hyperthyroidism on functional 
and/or structural cardiac disturbances 
8,13,14,22,23,25,30,36 The present study is 
limited to the roentgenographic profile 
of the cardiac silhouette in patients 
with toxic goiter. 
Some investigators maintain that 
there is no definite diagnostic cardiac 
shadow in thyrotoxicosis uncompli- 


cated by coincident cardiac disease,. 


advancing years, or constitutional in- 
fluences!2:16.18, have 
drawn attention to the prominence of 
the left mid-cardiac segment in hyper- 
thyroidism. This conflicting informa- 
tion prompted the present study. 


Method. The clinical records of patients 
with toxic goiter proven by histological 
studies following subtotal thyroidectomy were 
reviewed. These patients had been admitted 
to the Veterans Administration Hospital, 
Bronx, New York, between 1943 and 1951 
and to the University Hospital, New York 
University-Bellevue Medical Center between 
1947 and 1951. Only patients who were ap- 


_ parently free of cardiovascular disease were 


included. Accordingly, 106 patients were se- 
lected for this investigation. The cardiac 
roentgenograms taken at the time of admis- 
sion were reviewed in each instance. The 
contour of the left mid-cardiac segment was 
appraised. 

In evaluating the Roentgen ray films, the 
following criteria were employed. In the nor- 
mal heart of the normal sthenic habitus, 
the portion of the left cardiac border extend- 
ing from the aortic arch to the beginning 
of the left ventricle (the left mid-cardiac 
segment) usually shows a tendency to con- 
cavity. and in some cases a slight tendency 
towards a straight line17.31, Accordingly, such 
cases were considered. normal and were 
graded as zero. When this segment had lost 
its concavity, and showed a tendency towards 
convex prominence, such a case was graded 
as 1 plus (Fig. 1). When the convex promi- 
nence was more strikingly pronounced, this 
was graded as 2 plus (Fig. 2). When the 
convexity was marked, this was graded as 
3 plus (Fig. 3) and when the convex promi- 
nence was bulging, this was graded as 4 plus 
(Fig. 4). 


Results. The patients in this study 
were between 20 and 70 years of age. 
There was no correlation between ad- 
vancing age and the prominence of the 
left mid-cardiac segment, the most 
marked changes occurring equally in 
those between the third and fifth dec- 
ades as in patients 50 to 70 years of 


(559) 


iS 
ir 
| 


560 GREENBERG, ROSENKRANTZ, BERANBAUM: 


age. Table 1 outlines the findings of 
the incidence of increased prominence 
of the left mid-cardiac segment. It 
appears that 33% of the 106 patients 
with toxic goiter had normal cardiac 
silhouettes including no increase in the 
arc of the left mid-cardiac segment. On 
the other hand, 25% showed a 1 plus, 
25% a 2 plus, 14% a 3 plus, and 


vascular disease show an increase in 
prominence of the left mid-cardiac 
segment. This is in agreement with 
Otten?®, Bauer and Helm’, Roesler* 
and Kerr and Hensel*!. Parkinson and 
Cookson”® studied this feature and re- 
ported that the pulmonary arc may be 
so prominent that it might be confused 
with findings in mitral stenosis. Meyer- 


Fic. 1.—M. S., F., Age 42. Nervousness, weight loss, tremor of hands, excessive sweating, 

exertional dyspnea. Heart: Tachycardia, tones normal, no thrills or murmurs, B. P. 144/80; 

diffuse enlargement of thyroid gland, BMR +37. Pathological Diagnosis: Toxic diffuse goiter. 
Prominence of left mid-cardiac segment graded as 1+. 


3% a 4 plus increase in the degree of 
enlargement. Even if those designated 
as 1 plus were included with the zero 
group, there would still remain 42% 
with a 2 plus to 4 plus increase in 
prominence. 

Discussion. It is apparent that at 
least 42% and probably 67% of the 
patients reviewed with hyperthyroid- 
ism uncomplicated by apparent cardio- 


TABLE 1.—INCIDENCE OF INCREASED 
PROMINENCE OF THE LEFT MID- 
CARDIAC SEGMENT AS VISUALIZED 
BY ROENTGEN STUDIES OF 106 PA- 
TIENTS WITH TOXIC GOITER 


Degree 
Increase Number Per Cent 
0 35 33 
1+ 26 25 
2+ Q7. 25 
3+ 15 « 14 
4 3 3 
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Borstel?? likewise found changes re- 
sembling mitral stenosis in which 
there were “accentuation of the pul- 
monary and left median arc,” a steep 
left border and a prominent right 
border. Cookson* described this spe- 
cific cardiac silhouette and thought it 
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there are left mid-cardiac segment pro- 
file changes associated with hyperthy- 
roidism. Furthermore, it has been re- 
ported” that within a period of a 
few months after the elimination of the 
hyperthyroidism, the prominence of 
the left mid-cardiac segment disap- 


was due to a high aortic arch and in- 
creased prominence of the superior 
vena cava and pulmonary conus. It is 
now known that this segment consists 
almost entirely of the pulmonary ar- 
tery, except in mitral stenosis where 
the enlarged left auricular appendage 
is a prominent component®. There are 
others, therefore, who conclude that 


Fic. 2.—L.P., F., Age 39. Nervousness, weight loss, swelling in neck, increasing prominence 

of eyes, palpitation. Recurrent hyperthyroidism (subtotal thyroidectomy at another hospital 

one year ago, preoperative BMR at that time +63). Present Examination: Evidence of recur- 

rent hyperthyroidism, hyperplastic remnants palpable in left lobe of thyroid. Heart: Tones 

normal, action satisfactory, soft grade I systolic murmur at apex, B.P. 126/70. Pathological 

Diagnosis: Hyperplastic thyroid (toxic diffuse goiter). Prominence of left-mid-cardiac segment 
graded as 2+. 


pears in about three-fourths of the 
cases. 

The mechanism which causes the in- 
creased prominence of this segment is 
not established. It has been stated that 
in thyrotoxicosis the rate of blood cir- 
culation and cardiac minute-volume 
output are increased to satisfy an aug- 
mented demand for and consump- 
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tion of oxygen**1%35, This increase in 
the left midcardiac segment promi- 
nence might represent dilatation of the 
pulmonary artery in order to satisfy 
oxygen requirements. This has been 
demonstrated by Parkinson and Cook- 


son?®, A vasomotor mechanism is pres- 


ent to control yaso-dilatation® but 
doubt has been expressed*® that vaso- 


plus the increased vascularity of the 
thyroid gland may act virtually like an 
arteriovenous shunt, leading to en- 
largement of the right ventricular out- 
flow tract and thus to dilatation of the 
pulmonary artery. 

Why some patients with hyperthy- 
roidism develop an exaggeration of the 
left mid-cardiac segment (67%) while 


Fic. 3.—M.S., F., Age 33. Swelling of neck, nervousness, weight loss, diarrhea, heat intolerance, 
excessive sweating. Heart: Tones normal, no thrills or murmurs, B.P. 140/85; BMR -++58. Path- 
ological Diagnosis: Toxic diffuse goiter. Prominence of left mid-cardiac segment graded as 3+. 


motor responses would permit vasodi- 
latation to the same degree as is found 
in peripheral vasodilatation. Menard 
and Hurxthal** believe that in hyper- 
thyroidism with increased cardiac out- 
put, the right ventricle works against 
a constant pressure in the pulmonary 
circuit. Consequently, intra-arterial 
pressure increases and the pulmonary 
artery dilates. It has been suggested*4 
that the peripheral capillary dilatation 


others (33%) fail to do so is open to 
conjecture. Perhaps the length of time 
a patient has suffered with hyperthy- 
roidism without receiving therapy may 
play a role; those with shorter dura- 
tion of symptoms showed no cardiac 
hypertrophy”. It has been pointed out 
that the nutrition of the patient is a 
significant factor in the development 
of cardiac hypertrophy in the thyro- 
toxic patient. Those with poor nutri- 


- 
tio! 
dia 
as 
Ro 
cal 
inv 
ab: 
the 
¥ 
5 
= 
4 
— 
Po: 


LEFT MID-CARDIAC SEGMENT IN THYROTOXICOSIS 563 


tion not only failed to demonstrate car- 
diac hypertrophy but also actually had 
a small heart?°.°, Whether part of the 
Roentgen changes noted are due to 
cardiac myopathy is debatable. Some 
have reported 
abnormal histological changes in the 
myocardium while deny 
that such changes do occur. 

Summary. 1. The left mid-cardiac 
segment was found to be prominent in 
67% of 106 patients with thyrotoxicosis 


without other apparent cardiovascular 
complications; in 42% of the 106 pa- 
tients, the enlargement of the left mid- 
cardiac segment was pronounced. 

2. In the presence of a prominent 
left mid-cardiac segment, hyperthy- 
roidism should be considered in the 
differential diagnosis. 

3. Theoretical considerations have 
been presented to account for this phe- 
nomenon. 


Fic. 4.-V.E., F., Age 53. Nervousness, restlessness, palpitation, excessive sweating, loss of 

15 pounds in weight. Heart: Tones of good quality, tachycardia, grade I systolic murmur at 

apex; B.P. 135/90; BMR +85. Pathological Diagnosis: Toxic nodular goiter. Prominence of 
left mid-cardiac segment graded as 4+. 
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ANALYSIS OF CRANIAL ARTERY PULSE WAVES 
IN PATIENTS WITH VASCULAR HEADACHE OF THE MIGRAINE TYPE* 


By M. Martin Tunis, M.D. 
AND 
G. Wotrr, M.D. 


(From the New York Hospital and the Departments of Medicine (Neurology) and Psychiatry, 
Cornell University Medical College, New York, New York) 


VascuLarR headache is the designa- 
tion applied to a group of episodic 
recurrent headaches wherein certain 
cranial and intracranial vascular struc- 
tures are intimately related to the pain 
experience. This relationship is delin- 
eated by several characteristic fea- 
tures, common to these headaches. 
There are here reported our observa- 
tions on cranial artery pulse waves in 
patients with such headaches. 

The features which characterize vas- 
cular headaches are 5 in number. 

1. A pulsatile quality occurs during 
some phase of the headache. 

2. The intensity of the headache is 
augmented by procedures which rapid- 
ly increase the intravascular pressure 
within the arterial system of the head. 
This occurs when the head-down posi- 
tion is adopted during headache. As 
well, procedures which increase cardiac 
stroke volume and certain drugs which 
are known to dilate cranial arteries 
may similarly increase headache in- 
tensity. Pressor agents and procedures 
that evoke sudden elevations of sys- 
temic arterial pressure (for example, 
intravenous evinephrin, bladder disten- 
tion in paraplegics, massage of a pheo- 
chromocytoma) augment or induce 
vascular headache. By contrast pa- 
tients with sustained arterial hyper- 
tension may not experience headache. 

Conversely, headache intensity may 


be diminished by procedures which de- 
crease the intravascular pressure with- 
in the arterial system of the head, that 
is, vasodepressor agents that decrease 
stroke volume, the head up position, 
and the administration of agents which 
constrict appropriate components of 
the head vasculature. (Fig. 1F) 

The relevance of intravascular pres- 
sure to headache is further illustrated 
by centrifugation of a subject during 
headache. When in position upon the 
human centrifuge, with his head toward 
the centre and his feet toward the per- 
iphery, centrifugal force is exerted to- 
ward the patient’s feet, intra-vascular 
pressure at the head end is decreased 
and headache intensity is diminished. 

8. On inspection of the painful 
area, during headache, enlarged ar- 
teries are frequently noted. There may 
be an associated edema of the skin and 
subcutaneous tissues of the face and 
head, notably at the site of the head- 
ache. Early in headache these same 
vessels are usually less conspicuous, 
soft walled and easily occluded by: the 
palpating finger. Later in headache, by 
contrast, these blood vessels appear 
more tortuous, are firm walled, rela- 
tively non-compressible and .a more 
prolonged pulsation is detected by 
the palpating finger. The arterial wall 
is tender, and _ local surface hy- 


*Read at the Sixty-fifth Annual Meeting of the Association of American Physicians, Atlantic 


City, New Jersey, May 6, 1952. 
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peralgesia may be apparent on testing 
by reaction to pinprick. 

4. The intensity of the headache is 
diminished by direct pressure upon the 
common carotid artery or by digital 
occlusion of relevant branches of the 
external carotid artery. A similar oc- 
clusive effect is exercised upon relevant 
pain sensitive arteries inside the head 
by raising the cerebrospinal fluid pres- 
sure, and this procedure, too, dimin- 
ishes headache intensity. 

5. The headache is eliminated by 
the application of local analgesics to 
the involved arteries or by their resec- 
tion when possible. _ 

Such headaches may differ as to site, 
area, temporal features and intensity. 


VASOCONSTRICTION BEGINNING 
NO HEADACHE HEADACHE 


ANK 


CONTROL 
NO HEADACHE 


A. Resting (control) Pulse Wave Contours. 


blood flow. 


frequently observed in the painful area. 


VASCULAR HEADACHE OF THE MIGRAINE TYPE 


Frequently the superficial temporal 
artery is the source of the headache, 
This vessel and its branches are readily 
accessible for plethysmographic study. 
As well the supraorbital, postauricular 
and frontal arteries were studied when 
these were involved in headache. 


Materials and Method. Simultaneous, bi- 
lateral cranial artery pulse waves were ob- 
tained, using a glycerine pellotte or metal 
arterial pressure cup, the piezoelectric pulse 
wave attachment and a direct writing elec- 
trocardiograph type recorder. Brachial artery 
blood pressures and pulse rates were recorded 
at frequent intervals. One hundred twenty- 
five subjects with vascular headache of the 
migraine type were studied. 

xemale patients subject to headache who 
also exhibited cyclic alterations in body 


D E F 

MODERATE 

HEADACHE 


SEVERE 
HEADACHE 


ERGOTAM. TARTR 
NO HEADACHE 


ANA 


Fic. 1.—Representative Temporal Artery Pulse Wave Contours in Two Patients During Vascu- 
lar Headache. (i) R. O. N., Male, 28. (ii) Schematic illustration of pulse wave contour changes. 
(iii) S. M., Female, 32. ; 


B. Pre-headache Vasoconstriction:—Low amplitude contours with many “reflected” waves on 
the diastolic limb indicate constriction of the arterial bed and increased resistance to 


C., D. Headache of Moderate Intensity:—Note increased size of pulse wave and large post- 
dicrotic deflection well above the base line. Temporal artery dilation and distention, as 
well as relative diminution in the elasticity of the vessel wall is thus indicated. 

E. Severe Headache:—Upward convexity of diastolic limb (delayed return to base line) is 
associated with a “plateau” on the descending portion of the systolic limb. These features 
indicate relative inadequacy of outflow from the dilated and distended temporal artery. 
This contour is compatible with edema about or within vessel walls. Tissue edema was 


F. Action of Ergotamine Tartrate:—One hour following intramuscular administration of 0.5 
mg. ergotamine tartrate. Note low amplitude temporal artery pulse wave contours with 
many reflected waves—vasoconstriction. Headache is relieved. 


wei 
weis 
occu 
serv 
time 
pers 
was 
pers 
mal 
riod 
tane 
ack 
Fre 
ish 
ma 
ref 
ton 
cul 
wa 
: col 
fl 
tio 


— 


TUNIS, WOLFF: VASCULAR HEADACHE OF THE MIGRAINE TYPE 567 


weight were noted to have headache most 
frequently at the time of increased body 
weight. They were accordingly instructed to 
report to the laboratory at the time of max- 
imal body weight. In this way spontaneously 
occurring headache was on many occasions ob- 
served from its onset. Moreover, at such 
times previous knowledge of the patient’s 
personality and significant life problems could 
be utilized to induce vascular headache. The 
subject in a setting of considerable tension 
was encouraged to discuss stressful inter- 
personal relations, thus mobilizing resentment 
for which there was no appropriate outlet. 

Headache was similarly precipitated in 
male as well as female patients during pe- 
riods when they were having frequent spon- 
taneous episodes. 


Results. The cranial artery pulse 
wave contour in patients without head- 
ache was very similar to the central 
(aortic) pressure pulse. (See Fig. 1A) 
Frequently prior to the headache itself 
the contour changes included dimin- 
ished pulse wave amplitude and a 
marked increase in the number of 
reflected waves. (See Fig. 1B) In 
some instances, associated visual symp- 
toms (scotomata) were reported by 
the patients, indicating that other vas- 
cular beds (retinal, intracranial) were 
also involved in this process. 

1) Following the onset of headache, 
the pulse wave tracings showed a 
progressive increase in pulsation ampli- 
tude, the appearance of a “reflected” 
wave upon its systolic apex, and 
“smoothing out” of the pulse wave 
contour due to disappearance of re- 
flected waves in the diastolic limb. The 
palvating finger detected a forceful 
collapsing pulse. (See Fig. 1C) Pulsa- 


.tion amplitudes usually exceeded that 


of the resting “control” pulse wave. 

2) When the attack was prolonged, 
subsequent contour changes were 
noted: (Fig. 1D) 

a. Increased steepness of both the 
ascending and descending limbs of the 
pulse wave. 

b. Progressive upward displacement 
of the post-dicrotic wave on the de- 
scending limb of the contour. 


c. Increase in the size of the post- 
dicrotic wave. 

3. When, (regardless of duration, but 
usually associated with headache of 
high intensity) there was tissue edema 
in the painful area, the steepness of 
the descending limb of the pulse wave 
contour (Fig. 1E) was modified by: 

a. Plateau formation during the lat- 
ter part of the systolic descent of the 
pulse wave. 


b. Rounding of the systolic apex. 

c. Progressive delay in the return of 
the diastolic limb to the base line. 

d. Further increase in the number or 
size of the post-dicrotic wave or waves. 

e. A moderate decrease in pulsation 
amplitude. 

When unilateral vascular headache 
occurred in patients with hypertension 
the above described changes were ob- 
served on the headache side only. 

The bulbar conjunctival vessels of 
the eyes were studied with the slit lamp 
in 16 patients during unilateral head- 
ache. Photomicrographs of the vascular 
structures were obtained. These stud- 
ies showed that on the headache free 
side the vascular structures were un- 
changed as compared with non-head- 
ache subjects. By contrast, on the head- 
ache side, arterioles, venules and capil- 
laries were markedly increased in diam- 
eter. However on direct inspection 
of these vessels, especially the arterioles 
and capillaries, the blood flow rate was 
barely one-fifth that of the contralateral 
non-headache side. Furthermore, rela- 
tively few red blood cells were seen in 
these large vessels as compared with 
analogous vessels on the non-headache 
side. 

Comment. These cranial artery 
pulse wave contour changes’? indi- 
cate that prior to the onset of head- 
ache, vasoconstriction and increased 
resistance to blood flow occur, some- 
times in association with visual symp- 
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toms, but commonly unrelated (Fig. 
1B). 

Early in the course of headache 
progressive vascular dilatation, hyper- 
emia, and diminished resistance to 
blood flow in the relevant vascular bed 
are evident from the pulse wave 
changes (Fig. 1C). These also evidence 
progressive diminution of elasticity of 
the relevant vessel walls and, on pal- 
pation and inspection of the involved 
area, enlarged vessels which impart a 
sharp forceful pulsation to the palpat- 
ing finger are quite evident (Fig. 1C, 
D). 

Further contour changes during se- 
vere attacks indicate that in these 
already dilated vessels there then de- 
velops relative inadequacy of the mi- 
nute vessel drainage from the arterial 
bed and increased resistance to blood 
flow. Vascular and perivascular edema 
of the distal components of the relevant 
vascular bed with relative stenosis of 
minute vessels is thus indicated (Fig. 
1E). Local tissue edema (on occasion 
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pitting edema) is often noted in the 
painful area. 

Slit lamp studies indicate that in the 
conjunctival vessels of the eye on the 
headache side vessel walls are thick- 
ened, and the intraluminal diameter 
is diminished despite their increased 
size. Such changes in the cranial ves- 
sels, as observed on the headache side 
only, could result from edema of vas- 
cular and perivascular tissues. 

Conclusion. From the above studies, 
the following inferences relevant to the 
pain of vascular headache are drawn: 

The pain of vascular headache re- 
sults from increased tension within or 
about pain sensitive cranial. artery 
walls. Fundamental to the mechanism 
of headache of the migraine type is 
dilatation and distention* of cranial 
arteries with resultant increase in such 
tension. However, intra- and perimural 
edema of the distended arteries sum- 
mates in its effect with that of dilata- 
tion to intensify noxious stimulation 
and the severity of the headache. 
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THE CLINICAL USE OF ALGINIC ACID AS A CATION EXCHANGER 


By Rosert J. Guz, M.D. 
RESEARCH FELLOW IN MEDICINE, PENNSYLVANIA HOSPITAL; 
ASSISTANT IN MEDICINE, JEFFERSON MEDICAL COLLEGE 


AND 


GarFieLp G. Duncan, M.D. 


DIRECTOR OF THE MEDICAL DIVISIONS OF THE 
PENNSYLVANIA HOSPITAL AND BENJAMIN FRANKLIN CLINIC; 
CLINICAL PROFESSOR OF MEDICINE, JEFFERSON MEDICAL COLLEGE 
PHILADELPHIA, PENNSYLVANIA 


Auernic acid, a polymeric anhydro- 
B-D-mannuronic acid obtained from 
the giant kelp, has been reported to 


possess sodium and potassium ion ex-. 


change properties which, in vitro, com- 
pare favorably with those of the car- 
boxylic type of resin*. Recently, Feld- 
man and his associates, in clinical 
studies on three patients with edema, 
reported that alginic acid is less ef- 
ficient as a cation exchanger than are 
the presently used synthetic resins!. 

This communication reports the re- 
sults obtained by the use of alginic 
acid* as a cation exchanger in 9 pa- 
tients: 3 hospitalized patients with 
edematous states and 6 ambulatory pa- 
tients with essential hypertension. 

THe HypertenstvE Group. These 6 
patients were selected from a group 
that had previously been treated with 
a restriction of dietary sodium and an 
ammonium-potassium carboxylic cation 
exchange resin (Resodec®t for 4% to 9 
months. Five of them had obtained 
and maintained a good drop in dias- 
tolic blood pressure (20 mm. of Hg or 
more) and had mean levels of 24-hour 
urine sodium of 0.07, 0.7, 0.13, 0.01 and 
0.19 gm. while receiving resin. The 
sixth patient had only a moderate dias- 
tolic pressure drop and a mean 24-hour 
urine sodium of 1.9 gm. Four were 
grade II and two were grade III ac- 


cording to the classification of Keith, 
Wagener, and Barker*. All had good 
renal function. 

They were maintained on the same 
dietary level of sodium as when on 
Resodec®, and were given 45 gm. of 
alginic acid, containing 10% potassium 
alginate, daily for 5 to 9 weeks. The 
results are depicted in Table 1. The 
patient (D.S.) who had not done well 
while receiving the resin did no bet- 
ter while receiving alginic acid and his 
24-hour urine sodium levels were 
higher than when he received resin 
therapy. Of the other five patients, two 
maintained approximately the same 
blood pressure levels with alginic acid 
as they did with resin (Cases E.H. and 
B.S.). The rest had higher blood pres- 
sure levels with alginic acid therapy. 
Three showed gradually rising levels of 
blood pressure during the alginic acid 
period even though the mean diastolic 
pressures remained close to those of 
the resin therapy period. Two showed 
no great change from levels obtained 
from immediately preceding periods of 
Resodec placebo administration. In all 
cases, the 24-hour urine sodium levels 
were higher with alginic acid therapy 
than with synthetic resin therapy. 

We have shown previously that the 
24-hour urine sodium must, in most 
cases, be 0.5 gm. or less for a drop in 


* Supplied by Wallace Laboratories, New Brunswick, N. J. 
* Supplied by Smith, Kline & French Laboratories, Philadelphia, Pa. 
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blood pressure to occur with the use 
of sodium restriction and cation ex- 
change resins, and also that after ces- 
sation of resin therapy, several weeks 
or occasionally up to 2 months may 
pass before the blood pressure rises in- 
exorably to its pretreatment levels”. 
Thus, it is clear that in the series pre- 
sented, alginic acid was not efficient 
enough as a sodium absorber to pro- 
duce or maintain a lowering of the 


ALGINIC ACID AS A CATION EXCHANGER 


pitalized group consisted of one patient 
with nephrotic syndrome, one patient 
with Laennec’s cirrhosis, and one pa- 
tient with both rheumatic heart dis- 
ease and Laennec’s cirrhosis. All had 
ascites and peripheral edema. 


Case 1. Nephrotic Syndrome (Fig. 1). This 
59-year old Italian male had edema and 
ascites, 2+ to 4+ albuminuria, hyposthenuria, 
low serum total protein and albumin, and 
normal blood pressure. He had previously had 


TABLE 1.—PATIENTS WITH ESSENTIAL HYPERTENSION WITH 
SODIUM RESTRICTION 


Time on Mean B.P. Mean 24 
“ —~ hr. urine Na (gm.) 
Alginic Dietary Control With With Al- 

Resin Acid Patient Sodium Resin ginic Ac. Resin Alginic Ac 
E.H. 

9 mos. 8 wks. C.F. 54 1.6 Gm. 175/113 145/88 140/85* 0.07 1.5 
Gr. II 
DS. 

5 mos. 8 wks. C.M. 51 1 Gm. 224/135 192/111 190/103* 1.89 2.99 
Gr. Ill 
E.T. 

4 mos. 5 wks. C.F. 54 2Gm. 210/99 163/79 180/88* 0.7 1.44 
Gr. IT 
BS. 

6 mos. 9 wks. C.F. 44 1.25Gm. 192/132 149/104 153/104 0.13 0.39 
Gr. IT 
M.K. 

5 mos. 8 wks. C.F. 50 1Gm. 201/122 136/98 165/113 0.01 0.17 
Gr. TI 
M.D. 

4% mos. 6 wks. C.F. 47 1.25Gm. 170/111 142/88 170/107 0.19 1.6 
Gr. ITI 


* Gradual rise of diastolic blood pressure while receiving alginic acid. 


blood pressure. In only 1 case (B. S.) 
was it apparent that blood pressure 
levels equivalent to those attained with 
synthetic resins could be attained and 
maintained by the use of alginic acid. 
This situation is unfortunate in view of 
the fact that the patients preferred al- 
ginic acid to the synthetic resin and 
had no gastrointestinal disturbances or 
serum electrolyte disturbances while 


taking it in this short period of study 


as may occur with the synthetic resins. 


THe Epematous Group. This hos- 


a 27 Ib. and later a 20 lb. diuresis coincident 
with the intravenous administration of modi- 
fied human globin over 3-week periods but 
without any change in his serum proteins 
and with reaccumulation of fluid upon cessa- 
tion of globin therapy. His diet throughout 
his hospital stay contained 1 gm. sodium. 
Alginic acid, 45 gm. daily, was adminis- 
tered orally for 10 days accompanied by a 
large water output in the first 3 days that 
gradually dropped off to control levels by 
the 8th day. Total weight loss was 6 lbs. 
in 10 days. Five days after the alginic acid 
was stopped, he had regained the 6 Ib., and 
Resodec® was given orally 45 gm. daily for 
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t 5 days with another large output of water lost 8 lbs. Since the urinary output did not 
t and a 10 lb. weight loss. The mean 24-hour rise, this probably indicated less food in- 
~ urine sodium level with alginic acid was 0.35 take. The mean 24-hour urine sodium level 
gm., with synthetic resin 0.24, and with diet was 0.06 gm. She developed a mild meta- 
x4 only, 0.76 gm. Both exchangers were toler- bolic acidosis and the previously high serum 
d ated equally well. No electrolyte changes oc- potassium level dropped to 3.0 mEq./L. 
curred with alginic acid. A mild acidosis oc- Case 3. Rheumatic Heart Disease with 
curred with the resin administration. Laennec’s Cirrhosis. This 60-year old white 
is Case 2. Laennec’s Cirrhosis. This 56-year female had long-standing pulmonary conges- 
d old white female was treated by bed rest, 1 tion, edema and ascites, and numerous hos- 
A, gm. sodium, high protein, high carbohydrate pital admissions for treatment. Before this 
d diet, and had received ammonium chloride admission she had been receiving mercurial 
d 
155 
147 
4 4500 c.c 4500 c.c 
4000 4000 
3500 Y YH, 3500 
3000 Ym Y, Y YN" . 
2500 2500 
ZZ 
500 c.c. : 500 c.c 
0.8 Gm. 0.8 Gm 
24 Hr. Urine 
0.6 Sodium 0.6 
0.4 0.4 
0.2 0.2 a 
NEPHROTIC 
DAYS OF THERAPY 
t Fic. 1—Comparative effects of alginic acid and a synthetic cation exchange resin in a patient 
’ with nephrotic syndrome (Case 1). 
t 
. and mercurial diuretics for 5 weeks but con- diuretics frequently and had been taking a 
t tinued to gain weight and accumulate ascitic cation exchange resin intermittently without 
fluid. Her total protein and albumin were low benefit. On admission she was in marked 
7 but her blood urea nitrogen and serum elec- respiratory distress and had a blood carbon 
: trolytes were normal. She was given alginic dioxide combining power level of 30 mEq./L 
acid 45 gm. daily orally for 1 week, but con- and chloride of 92 mEq./L, probably second- 
t ; 
. tinued to gain weight. The mean 24-hour ary to the frequent administration of mer- 
urine sodium level was 0.85 gm. The only curial diuretic. Alginic acid, 45 gm. daily, 
i serum electrolyte change was a gradual rise and 1 gm. sodium diet were given. After 1 
in potassium to 6.0 mEq./L. Resin in the week, she had shown no improvement in her 
; form of Resodec® was then given in place edema or electrolyte pattern. The mean 24- 


of alginic acid and over a 2-week period she 


hour urine sodium was 0.5 gm. Cation ex- 
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change resin was then given (Resodec®) and 
although the carbon dioxide combining power 
dropped to 19 mEq./L and the chloride rose 
to 120 mEq./L no clinical improvement or 
diuresis occurred. The mean 24-hour urine 
sodium was 0.38 gm. At this point one injec- 
tion of a mercurial diuretic produced a pro- 
fuse diuresis. 


In these 3 edematous patients only 
one received relief from his accumu- 
lated fluid by the administration of al- 
ginic acid, and this benefit was even 
more marked with the use of human 
globin or a synthetic cation exchange 
resin. The 24-hour urine sodium level 
was cut in half by alginic acid adminis- 
tration from the level obtained on diet 
alone, but was cut by two-thirds with 
synthetic resin. 

The patient with cirrhosis and the 
patient with both heart failure and cir- 
rhosis, had no benefit from either al- 
ginic acid or synthetic resin though 
both had slightly lower 24-hour urine 
sodium levels with the synthetic resins 
than with alginic acid therapy. 

Alginic acid did not produce any 
electrolyte changes except for a rising 
serum potassium in Case 2. 


ALGINIC ACID AS A CATION EXCHANGER 


Summary and Conclusions. 1. Alginic 
acid, as a cation exchanger, was ad- 
ministered to 6 ambulatory patients 
with hypertension, of whom 5 had pre- 
viously responded with a lowering of 
blood pressure to administration of a 
carboxylic cation exchange resin. Only ] 
maintained the benefit obtained with 
the synthetic resin, and all showed high- 
er levels of urinary sodium while receiv- 
ing alginic acid than while receiving 
synthetic resin. 

2. Three patients with edematous 
states were given alginic acid as a 
cation exchanger. One had a diuresis 
but had a more profuse water loss 
while receiving a synthetic cation ex- 
changer. All 3 cases had lower urinary 
sodium levels while receiving synthetic 
resin than while receiving alginic acid. 

8. Alginic acid was well tolerated 
and produced no gastrointestinal dis- 
turbances or electrolyte disturbances 
except in 1 patient who developed a 
mild hyperpotassemia. 

4, It appears that alginic acid is less 
efficient as a cation exchanger than the 
carboxylic resin used in this study. 
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NEW TREATMENT FOR HEREDITARY (HUNTINGTON) CHOREA 


By Doucias Goitpman, M.D. 
CLINICAL DIRECTOR, 
LONGVIEW STATE HOSPITAL 


(From Longview State Hospital, Cincinnati, Ohio; Dr. E. A. Baber, Superintendent) 


In 1872, Dr. George Hunter pub- 
lished the first report on a form of 
chorea which he observed in the east- 
ern end of Long Island, New York. 
His description of the illness is classic 
and complete. It is definitely heredi- 
tary in nature, apparently being trans- 
mitted as a dominant mendelian char- 
acteristic. It is associated with insanity 
in many, if not in most, cases and it 
occurs in early adult life, most fre- 
quently the fourth decade. 

The symptoms have been described 
by numerous authors. One of the recent 
and most adequate of these is the de- 
scription of Stone’: 

“The outspoken phenomena are those 
of sudden tonic and clonic movements 
of flexion and extension of the extremi- 
ties and trunk. The irregular movements 
occur at the rate of about 80 per min- 
ute. The movements of the facial mus- 
cles give rise to grimaces and un- 
usual gestures and poses—puckering of 
the lips, sudden protrusion of the 
tongue, dilating of the nostrils, rapid 
opening and closing of the eyes and 
so forth. The speech may be hesitat- 
ing and again irregularly explosive, dif- 
ficult to understand, and finally im- 
possible. Coughing, grunting and click- 
ing sounds may be made during res- 
piration. The gait is rocking, jerking, 
skipping, reeling and irregular, and 
locomotion may become impossible. 
Romberg’s sign may be present. The 
face becomes expressionless and the 
patient may appear drowsy with ptosis 
of the lids. Sensations may be abnor- 
mal. The hearing is often impaired. 


Sight may be poor. Taste and smell are 
sometimes affected. Touch may show 
some variation from normal. Muscle 
strength is not impaired early, but later 
becomes obviously so. Hunger is ex- 
treme at first and is not to be wondered 
at when the amount of energy ex- 
pended in these choreic movements is 
considered. Patients have difficulty in 
feeding themselves. Deglutition be- 
comes difficult and finally impossible, 
inanition becomes extreme and the 
patient may apparently die from that 
alone as the immediate cause. 

The reflexes are usually normal in 
the beginning, but later they become 
exaggerated. The extremities occasion- 
ally become so rigid that the reflexes 
cannot be elicited. Pathologic symp- 
toms are unusual. The pupils react and 
the fundi are normal. The spinal fluid 
and blood show no changes. 

The mental state varies widely in 
different patients. Fits of anger with 
an uncontrolled temper and absent- 
mindedness may be the earliest phe- 
nomena. Later, judgment, perception, 
attention and memory show progres- 
sive weakening. Depression is more 
common than euphoria. Delusions of 
persecution are more frequent than 
delusions of grandeur. Later in the 
disease, disorientation may be marked 
or complete. Attempts at suicide are 
not infrequent. Rarely the mental state 
may appear normal.” 

’ Pathologic changes’ have been de- 
scribed. The chief centers involved are 


the putamen and the caudate nucleus. 


The globus pallidus is relatively spared. 
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In addition, there is usually more or 
less convolutional atrophy involving 
the frontal and central areas of the cor- 
tex. The small cells are the ones chiefly 
involved and the large cells are rela- 
tively spared. In severe cases, cells 
in the red nucleus, the olivary body 
and the dentate nucleus of the cere- 
bellum may be involved?”. 

There is no report of any successful 
treatment of this condition. It repre- 
sents a significant load in all mental 
hospitals, in spite of the fact that it is 
not numerically frequent. From one to 
two cases per thousand is the general 
admission rate in the United States 
mental hospitals. The disease runs a 
prolonged course and is always fatal 
after many years. 

The present report deals with the 
use of procaine amide (Pronestyl) in 
the treatment of this condition. An 
accidental observation led to the work 
here reported. A patient suffering from 
Huntington’s chorea was seen in the 
dentist’s chair at Longview State Hos- 
pital, sitting unusually quietly with 
minimal, if any, choreiform activity. 
He had just received an injection of 
procaine preliminary to a dental ex- 
traction. At this time, procaine amide 
had recently been introduced for use 
in cardiac arrhythmias, and was, there- 
fore, apvlied for oral administration.* 

The first patient treated with the 
oral medication was a man in one of 
the learned professions, who had for 
several years been showing increasing 
choreiform activity to the point where 
he had been forced to give up profes- 
sional contacts. His speech was ex- 
plosive, his gait was staggering from 
choreiform interference. He was un- 
able to eat without spilling food and 
complaint had been made from the 
restaurant proprietor where he often 
ate lunch that he would soon have to 
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be excluded because other customers 
were objecting. Treatment was begun 
with 0.25 gm. of procaine amide 4 
times daily. After about 10 days the 
choreiform activity seemed somewhat 
diminished. There was no evidence of 
toxic effect from the drug. The dose 
was, therefore, increased gradually 
over several days to 1.0 gm. 4 times 
daily. Gradually within a period of 4 
weeks, the choreiform activity had 
subsided to the point where it did not 
interfere with the patient’s ordinary 
activities, such as walking, eating in 
the restaurant, or speaking clearly. 
Obviously, the medication had _pro- 
duced a considerable degree of relief. 
The patient, over a period of 1% years, 
has had some fluctuation in his symp- 
toms which has regularly been attrib- 
utable to variations in dosage which 
he has taken upon himself to try ex- 
perimentally. When the dose of pro- 
caine amide was diminished, the 
choreiform activity increased, and 
when an adequate dose was taken, it 
was diminished almost to disappear- 
ance. The initial good result in this 
patient led to the use of the drug in 
the state hospital group. Protocols of 
these are summarized below. Moving 
picture records of a number of state 
hospital patients indicate clearly the 
benefit from the use of the drug. 


Case Reports. M.R., a Negro woman, aged 
43, was admitted to Longview Hospital, Aug- 
ust, 1951. This patient had neurologic signs 
of extra-pyramidal disease, not necessarily 
characteristic of Huntington chorea. Medica- 
tion was given in 2 periods, from August 20, 
to November 16, 1951, and from January 17, 
to April 16, 1952. There was no appreciable 
change in her condition during this period. 

H.P., a white woman, aged 39, was ad- 
mitted to Longview Hospital in 1941. This 
was a patient with parkinsonism, who was 
given medication from July 18, until Novem- 
ber 16, 1951, for most of the period taking 4 


capsules every 4 hours. No change in the 


*A major portion of the procaine amide used in this study was supplied gratis by the 
E. R. Squibb & Sons Company through Dr. H. S. Newcomer. 
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parkinsonism was evident on this medication. 
This patient had adequate relief with bella- 
donna and amphetamines. 

A.F., a white woman, aged 68, was ad- 
mitted to Longview Hospital 1935. This pa- 
tient had a cervical tick with rhythmic tremor 
involving the neck muscles associated with 
a severe manic depressive psychosis. She also 
had marked arteriosclerotic heart disease. 
Treatment was given from July 28, until 
September 9, 1951. There was no relief from 
the neurologic condition. Death occurred 
from heart disease. 

I.V., a white woman, aged 43, was ad- 
mitted to Longview Hospital December 31, 
1951. She was a teacher. The onset of her 
chorea was in 1942. Medication was started 
January 30, 1952, with 2 capsules every 4 
hours, raised gradually so that on February 
5 1952, she was taking 4 capsules every 4 
hours and continues taking same. There was 
marked improvement in the condition, but 
not complete relief from the chorea as yet. 
Mental status shows considerable degree of 
deterioration which has not changed on 
medication. 

M.M., a white woman, aged 58, was re- 
admitted March 10, 1951, to Longview Hos- 
pital. She had previously been in Longview 
Hospital from 1945 to 1948. Patient had very 
severe chorea and marked mental deteriora- 
tion. Medication was started July 18, 1951, 2 
capsules 4 times daily until July 20, and then 
4 capsules every 4 hours from July 20 to 
November 16, 1951. There was moderate im- 
provement in chorea, but patient showed 
marked drowsiness. This continued, how- 
ever, during the period in which the medica- 
tion was omitted from November 16, 1951 
until January 17, 1952. Choreiform activity 
was increased during the period medication 
was omitted. Medication was resumed Janu- 
ary 17, 1952, and started with 2 capsules 4 
times daily and increased to 4 capsules every 
4 hours by January 30. Medication was con- 
tinued at this level, until February 18, 1952, 
and then reduced to 3 capsules every 4 hours. 
There was moderate relief from choreiform 
activity but the patient’s mental deteriora- 
tion and drowsiness, which were more im- 
portant factors in her illness than the chorei- 
form activity, did not change. 

M.A., a white man, aged 65, described 
in the body of the paper was seen in pri- 
vate practice. 

H.C., a white man, aged 58, was re-ad- 
nitted to Longview Hospital 1943. The onset 
of his chorea was at about the age of 35, and 
mental symptoms at approximately the age 


of 47. Treatment was begun July 23, 1951, 
2 capsules every 4 hours. July 24, medication 
was increased to 4 capsules every 4 hours, 
and July 27, to 6 capsules every 4 hours. This 
dosage continued until August 3. There was 
very slight improvernent in this period. Medi- 
cation was omitted from August 3 to Aug- 
ust 15, and then resumed with 6 capsules 
every 4 hours. On August 16, dosage was 
dropped back to 2 capsules every 4 hours, 
increased to 4 capsules every 4 hours on 
August 23, and continued 4 capsules every 4 
hours until November 15, 1951. During this 
period, considerable degree of improvement 
in choreiform activity was achieved. Patient 
became much neater about his person and 
much more agreeable to take care of on the 
ward. His gait was considerably improved 
and his speech was somewhat clearer. He 
was not, however, completely well. Medica- 
tion was omitted from November 16, 1951, 
until January 17, 1952. During this period, 
there was some return of marked choreiform 
activity and loss of the neatness which the 
patient had gained. On January 17, 1952, 
medication was resumed 2 capsules every 4 
hours. On January 21, 1952, medication was 
increased to 8 capsules 3 times daily, and on 
January 24, to 4 capsules 3 times daily. On 
January 30, medication was increased to 4 
capsules every 4 hours. There has been fur- 
ther improvement, but the mental status re- 
mains deteriorated. 

V.M., white man, aged 39, was admitted 
to Longview Hospital June 20, 1951. Onset 
of chorea about 1 year before patient was 
admitted to hospital. Medication was given 
July 18, 1951, 2 capsules every 4 hours; 
on July 20, it was increased to 4 capsules 
every 4 hours; and on July 24, to 6 capsules 
every 4 hours. Medication was discontinued 
August 8. There was slight improvement evi- 
dent when medication was discontinued. 
Medication was omitted from August 3 to 
August 15, 1951. Symptoms seemed to re- 
gress almost to the original level. On August 
15, 1951, medication was resumed, 6 cap- 
sules every 4 hours for 1 day, then dropped 
to 2 capsules every 4 hours from August 16 
to August 23. On August 23, medication was 
increased to 4 capsules every 4 hours and 
maintained at this level until November 15, 
1951. There was a good degree of improve- 
ment in symptoms, particularly in speech and 
gait and diminished choreiform activity. 
There was still evident choreiform activity, 
however. Medication was omitted from No- 
vember 15, 1951, until January 17, 1952. 
Symptoms returned somewhat to previous 


)- 

)- 

h 

e 

d 

it 

is 

n 

of 

g 

e 

e 

ns 

ly 

a- 

0, 

le 

d. 

118 

4 


576 


level, particularly evident was some loss of 
neatness in self-management. On January 17, 
1952, medication was resumed, 2 capsules 4 
times daily. On January 21, the dose was 
increased to 8 capsules 3 times daily, and 
on January 24, to 4 capsules 3 times daily. 
On January 30, the dose was increased to 4 
capsules every 4 hours. Patient has improved 
considerably on this regimen. There is still 
some choreiform activity evident. Mental 
status has improved slightly, if at all. 

F.E., a white man, aged 53, was admitted 
to Longview Hospital July 29, 1949. The 
onset of his chorea was in 1945, after an ac- 
cident with fracture of the hip and ques- 
tionable head injury. Diagnosis: Huntington’s 
chorea. Medication was begun September 29, 
1951, 2 capsules every 4 hours and continued 
at this level until November 15, 1951. There 
was some degree of improvement in general 
loss of choreiform activity, but this was not 
as much as might have been hoped for. The 
dosage order during this period was some- 
what confused apparently and the increased 
doses were not given. Medication was omit- 
ted from November 15, 1951, until January 17, 
1952. During this period, the choreiform ac- 
tivity returned about to its original level. 
Medication was resumed January 17, 1952, 
to 2 capsules 4 times daily. Dose was in- 
creased January 21, to 3 capsules 3 times 
daily and on January 24, to 4 capsules 3 
times daily. Dose was increased January 30, 
to 4 capsules every 4 hours which is the 
present dose. Patient apparently has improved 
appreciably in loss of choreiform activity and 
ability to manage himself. Psychotic manifes- 
tations are somewhat milder. 


Discussion. The effect of procaine 
amide on chorea is found to vary 
somewhat in different patients; practi- 
cally all benefit to some extent and a 
few are almost completely relieved of 
the choreiform activity. The effect is not 
manifested immediately, but requires 
a period of three to six weeks to 
achieve a maximum level. The prob- 
lem in the state hospital patients was 
the same as the problem in the private 
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patient, irregularity in dosage results 
in irregularity in effect, although when 
the maximum effect is achieved, it takes 
a week or more for the patient to re- 
lapse to the initial state. Tolerance for 
the large dose of drug which is neces- 
sary, must be built up _ relatively 
slowly. Not many individuals can tol- 
erate 1.0 gm. 4 or 5 times daily at the 
beginning of treatment, but practically 
all patients can tolerate this if the dose 
is gradually raised to this level over 
a period of 2 to 4 weeks. The evidence 
of intolerance is some degree of faint- 
ness and somnolence and _ occasional 
feelings of numbness or paresthesia in 
the extremities, and occasional dryness 
of the mouth. 

A number of patients with appar- 
ently related conditions were treated 
with this medication. Four patients 
with parkinsonism were not at all bene- 
fited; two patients with myoclonic tics 
and two others with less clearly de- 
fined neurologic changes suggestive of 
basal nuclear involvement were bene- 
fited to a questionable degree. No op- 
portunity has been available to use 
the drug in the Sydenham type of 
chorea. It may verv well prove to be 
useful for this condition also. 

Summary. An incidental observation 
indicating possible benefit from the use 
of procaine in hereditary chorea led to 
the use of oral procaine amide in this 
condition. It was found to reduce the 
choreiform activity somewhat variably 
in patients suffering from this condi- 
tion. The benefit was at times dramatic, 
at times moderate. This is the first ob- 
servation of any useful treatment in 
such patients. 
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In a recent communication by Eric 
Nilsson?® it was stressed that analeptics 
(that is, central nervous system stimu- 
lants such as picrotoxin and metrazol ) 
are of no particular value in the treat- 
ment of barbiturate poisoning. The au- 
thor states that “it cannot be considered 
physiological to stimulate a cerebrum, 
depressed by barbiturate poisoning, so 
intensively that the organism is per- 
manently poised on the border of a 
state of convulsion.” He is also of the 
opinion that the value of drugs which 
neither increase the elimination nor 
hasten the metabolism of the barbitu- 
tate may be seriously questioned. In- 
stead he advocates only symptomatic 
therapy which includes tracheobron- 
chial toilet, the maintenance of a patent 
air-way and oxygen administered 


through the air-way. The patient is 
turned rather frequently and the tho- 
racic wall periodically slapped to loosen 
inspissated bronchial secretions. Pa- 
renteral fluids, usually 2 to 3 liters, are 
administered every 24 hours. Fifty per 
cent glucose is given intravenously in 
cases with threatening pulmonary 
edema. In the presence of peripheral 
circulatory collapse, glucose, as well as 
whole blood, is given. When coma per- 
sists for a prolonged period, ascorbic 
acid is used to decrease vascular per- 
meability. In addition to the above 
measures, in some persistent cases mas- 
sive intravenous infusion of fluid is ad- 
ministered ad modum Wilhelm Ohl- 
sson° in order to rid the patient more 
rapidly of the offending barbiturate 
(Cutting and Koppanyi®). Penicillin 
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TABLE 1.—E. NILSSON’S CASE REPORTS ON ALURATE POISONINGS 


Dose 
gm. (gr.) 
3.3 (50) 


8 (47) 


5 (77) 

3 (46.5) 

3.5 (54) + 
unknown amount 
of strychnine. 


2 (31) 
2.5 (38) 
2 (31) 
2.8 (43) 


2.4 (37) 
3 (46) 
3? (46?) 
2 (81) 
4 (62) 
5 (77) 
3 (46.5) 
2 (31) 
2.8 (43) 


1.5 (28) 


3 (46.5) 
3.3 (51) 
Unknown 
2 ($1) 
3.2 (50) 
0.6-0.8 (9-10) 
3.3 (51) 
1 (15.5) 
3 (46.5) 
2 (31) 
2.5 (38.5) 
5 (77) 

2 (31) 

2 (31) 

3 (46.5) 
5 (77.5) 
3 (46.5) 
3 (46.5) 
Unknown 
2.5 (38) 
2.1 (83) 
2.3 (86) 


1.2 (18.5) 
1.8 (28) 
3 (46.5) 
1.2 (18.5) 
+alcohol 
2.5 ? (38) 


Ingested hours 
hefore admission 


Highest value of 
barbiturate in blood 
mg./100 ce. 


8 (in a sample taken on 
admission) 


3.3 (after 30 hours). (A 
sample taken after 8 
hours was lost). 


3 (after 16 hours) 
4.45 (after 12 hours) 
6.1 (after 20 hours) 


5.2 (in a sample taken 
after 4 hours) 


7.3 (after 16 hours) 
3.7 (after 16 hours) 
3.5 (on admission) 
3.0 (on admission) 
10.7 (after 14 hours) 
6.7 (after 6 hours) 
5.8 (after 36 hours) 


4.9 (in samples taken on 
admission) 


4.3 (in samples taken 6 
hours after admission) 


7.6 (after 40 hours) 
4.7 (on admission) 
2.8 (on admission) 

6 (after 20 hours) 

5.8 (after 12 hours) 
6.9 (after 18 hours) 
5.8 (on admission) 
8.5 (on admission) 
10.3 (after 12 hours) 
6.7 (after 18 hours) | 


6.4 (on admission) 
12.5 (on admission) 
7.5 (on admission) 
6.1 (on admission) 
3.1 (on admission) 
3.2 (on admission) 
.4 (on admission) 


3 
7.9 (after 24 hours) 
2.3 (on recovery) 

5 (on admission) 


3.2 (on admission) 


Number of hours 
in which patients 


Recovered or 
19 


33 


Died 
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200,000 units twice daily or sulfona- 
mides are used prophylactically. Here- 
after the above method of treatment 
will be referred to as Nilsson’s therapy, 
although with some exceptions these 
symptomatic measures have been and 
are widely used. 

Eighty-seven cases of “serious” bar- 
biturate poisoning, 52 of which were 
the result of alurate ingestion, are pre- 
sented by Nilsson (Table 1). The 
largest dose taken was 5 gm., the small- 


_ est 0.6 to 0.8 gm. The majority of the 


patients were seen within 10 hours 
after ingestion of the drug. The blood 
barbiturate levels varied between 12.5 


nized that the earlier the patient is 
treated, the better the prognosis. Prob- 
ably more important is the fact that 
the amount of drug ingested by the 
majority of the cases reported (usually 
3 gm. or less) cannot be considered a 
fatal dose of alurate. Of the 57 patients 
presented, 28 took less than 3 gm. of 
alurate, and in 4 instances unknown 
amounts were ingested. It should be 
pointed out that alurate is an inter- 
mediate-acting barbiturate and with 
such drugs the incidence of fatality is 
considerably less than with long-acting 
barbiturates (Koppanyi and Faze- 
kas!8). The only published experi- 


TABLE 2.-E. NILSSON’S CASE REPORTS ON PHENOBARBITAL POISONINGS 


Dose Ingested hours 


gm. (gr.) before admission 
20 (310) 1 
9 to 10 (150) 3 
3.1 (48) 4 
5 (77) 10 
8 
7 
1.2 (18) 7 


and 2.8 mg. per 100 cc. The recovery 
periods varied from 14 to 145 hours. 

Table 2 presents Nilsson’s 7 cases of 
phenobarbital poisoning, with 1 death 
and 6 survivals. All cases were seen 
within 10 hours following ingestion of 
the barbiturate. The blood levels varied 
from 5.3 to 17.1 mg. per 100 cc., and 
the recovery periods from 12 to 144 
hours. The patient taking 20 gm. of 
phenobarbital died 199 hours later. In 
the other 6 patients the duration of 
the coma varied from 12 to 144 hours. 

Alurate is apparently most frequently 
employed in Scandinavian countries 
for suicidal purposes. As Table 1 shows, 
treatment in most instances was insti- 
tuted within a few hours after the in- 
gestion of alurate. It is generally recog- 


Highest value of Number of hours 
barbiturate in in which patients 
mg./100 ce. Recovered or Died 
17.1 (after 36 hours) a 199 
15.5 (in a sample after 144 _ 
30 hours) 
5.3 (on admission) 62 _ 
9.9 (after 2 hours) 60 ~ 
60 
65 
12 


mental data’! concerning the acute 
toxicity of alurate were reported in 
mice given the drug subcutaneously. 
The figures in mg./kg. are as follows: 
140; LDso, 237; LDyo0, 388. As 
these data indicate, alurate, even when 
administered subcutaneously, is one of 
the least potent of the barbiturates, 
second only to barbital. In no case 
cited in Table 1 did the patient take 
as much as 6 gm. of alurate, which, ac- 
cording to Leschke™®, may be followed 
by complete recovery even without re- 
sorting to antibiotics or modern symp- 
tomatic therapy. In view of the fore- 
going, it is surprising to discover that 
the only patient in the alurate series 
who died after 38 hours of coma, took 
only 2 gm. This is a relatively small 
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dose and one may question either the 
correctness of the estimated amount of 
the drug ingested or the reliability of 
the method used for determination of 
blood barbiturates. This particular pa- 
tient had a blood level of 6.7 mg. per 
100 cc. of alurate after 18 hours, a 
concentration far higher than that re- 
ported by Nilsson following the inges- 
tion of 5 gm. alurate (in one case 2 mg. 
per 100 cc. after 16 hours, in another 
case 6.4 mg. per 100 cc. after 16 hours). 

Finally one is impressed with the 
duration of the coma, even of those 
patients who received 2 gm. alurate or 
less. A patient who had taken 2 gm. 
alurate and 2 hours later showed only 
a blood level of 3 mg. per 100 cc. of bar- 
biturate recovered in 40 hours. Another 
patient receiving 2 gm. recovered in 60 
hours, and a patient receiving only 1.8 
gm. recovered in 48 hours; even a pa- 
_ tient who took only from 0.6 to 0.8 gm. 

alurate remained in coma for 24 hours. 
It would help considerably if the 
criteria for coma used, were better de- 
fined. 

Table 2 presents Nilsson’s series of 7 
cases of “severe” phenobarbital intoxi- 
cation, 1 of which succumbed and the 
others survived. The 1 patient who 
succumbed ingested 20 gm.; 2 patients 
who ingested 5 and approximately 9.5 
gm. respectively recovered; the other 
patients apparently did not ingest ap- 
preciable quantities. All cases were ad- 
mitted within 10 hours following in- 
gestion of the drug. Blood levels are 
given only in 4 cases. When these blood 
levels are compared with those pub- 
lished by Fisher’, several interesting 
facts may be uncovered. The third pa- 
tient listed in Nilsson’s series who took 
3.1 gm. phenobarbital and his blood 
level determined 4 hours later, showed 
a value of 5.3 mg. per 100 cc. Fisher 
found that several patients who had 
taken phenobarbital, and some of 
whom were ambulatory, had blood 


levels as high as from 5.0 to 7.5 mg. 
per 100 cc. According to Fisher, the 
mean barbiturate concentration in the 
blood of patients who recovered from 
barbital or phenobarbital poisoning 
were in the range from 7 to 12 mg. 
per 100 cc. Only 2 of the phenobar- 
bital cases reported by Nilsson were 
above these ranges. In view of the fact 
that phenobarbital is the longest-act- 
ing of the malonyl-urea derivatives, the 
prolonged recovery time of his patients 
is what one would normally expect if 
only symptomatic therapy is used. 
From our analyses of the cases pre- 
sented by Nilsson, we do not feel that 
one can with certainty conclude, as 
Nilsson has done, that analeptics are 
of no value in the treatment of severe 
central nervous system depression asso- 
ciated with acute barbiturate poison- 
ing. His observations support the gen- 
erally accepted concept that in pa- 
tients lightly anesthetized with barbitu- 
rates good symptomatic therapy may be 
all that is necessary for their recovery. 
His objection for the rejection of 
analeptics, based on theoretical grounds 
advanced by himself and presumably 
supported by experimental and clini- 
cal data of others, requires some com- 
ment. Nilsson is impressed with the 
similarity between over-dosage with a 
volatile anesthetic and barbiturate poi- 
soning. In both cases he states that 
death is due either to an over-dosage 
of the aliphatic narcotic or to lack of 
oxygen. Although he admits that the 
lack of oxygen may be sometimes due 
to an overdose of the anesthetic, he 


‘avers that in the majority of cases it 


is the result of a wholly or partially 
obstructed air-way. It may be admitted 
that in both cases of over-dosage with a 
volatile anesthetic or with barbit- 
urates, hypoxia can be the result of the 
obstruction of the respiratory passages 
and that the insertion of an air-way, 
or suction, or both may be indicated. 
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When, however, Dr. Nilsson calls for 
a uniform method of treatment for both 
over-dosage with volatile anesthetic 
agents and with barbiturates, certain 
fundamental differences between the 
two should be pointed out. 

In over-dosage with volatile anes- 
thetics, within a few minutes 50% of the 
administered agent can be removed by 
simply discontinuing the administra- 
tion of the anesthetic and stimulating 
respiration. With fixed anesthetics 
however, once the patient has taken a 
dose’ of an aliphatic narcotic, there is 
no known method for a quick desatura- 
tion of the patient (with the possible 
exception of hemodialysis) and the 
great problem is to keep the over- 


anésthetized patient alive until ade-. 


quate amounts of the barbiturate can 
be excreted or metabolized. In other 
words, the main problem is not de- 
saturation but tiding the patient over 
for the duration of over-anesthesia. 
Furthermore, in surgical anesthesia the 
patient is under careful observation by 
a competent physician from the begin- 
ning of narcosis and serious complica- 
tions arising during anesthesia can be 
corrected as soon as they manifest 
themselves. In acute barbiturate poison- 
ing, however, the patient comes under 
observation several hours, sometimes 
days, after over-dosage and the cus- 
temary corrective measures employed 
with volatile anesthetics obviously can- 
not apply to such patients. In this con- 
nection it may be pointed out that 
Barlow? demonstrated that long-con- 
tinued artificial respiration was far less 
effective in saving the lives of animals 
poisoned with barbiturates than the 
administration of certain central ana- 
leptics. 

Nilsson’s concept of acute barbi- 
turate poisoning also deserves comment. 
He makes 2 somewhat contradictory 
statements, but on the whole he avpears 
to believe that the amount of barbi- 


turate ingested is not too important in 
the ultimate outcome of acute barbi- 
turate poisoning. He states that it is 
not the barbiturates that kill, but rather 
the effects of the drugs on the respira- 
tory and circulatory systems. This is, 
of course, a somewhat unusual concept, 
because it is well-known that aliphatic 
narcotics act on the nerve centers regu- 
lating circulation, respiration, tempera- 
ture, and others. It is granted that ac- 
cidents such as an obstructed air-way 
may bring about a speedy fatal out- 
come, but we trust that no one will 
deny that the larger the dose adminis- 
tered the greater its effect on the 
various systems (via central nervous 
system action) since it is a universal 
experience that the smaller the dose of 
a given barbiturate the less are these 
systems affected. It would be rather dif- 
ficult to deny the established concept 
that the greater the amount of poison 
ingested the greater its toxic effect. To 
deny that there is an LDso or LDo9 
of a barbiturate in the human species 
would be contrary to everything we 
know about drugs in general and these 
compounds in particular. It may be 
admitted that in sick patients (cardio- 
vascular, renal or hepatic involvements ) 
just as in sick animals, smaller amounts 
of barbiturates suffice to produce death. 
No one claims, however, that the ex- 
istence of poisoned or very sick animals 
can in any way interfere with the de- 
terminations of the LD,;, LDso and 
LDoo for the same animal species; the 
same considerations must be true of 
man also. Therefore the statement of 
Nilsson that “the fatal dose of barbi- 
turates does not seem to have an es- 
pecially great significance in this con- 
nection, as patients dying of their poi- 
soning almost always finish in some 
complication or other, which is more to 
be ascribed to the comatose condition 
as such, than to the effect of the barbi- 
turate,” is contrary to the laws of phar- 
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macodynamics. Nilsson contradicts 
himself subsequently by stating that 
those who have had a “lethal” dose, 
that is, who would not recover without 
specific drug therapy, should if pos- 
sible be capable of distinction from 
those who may appear to be compar- 
ably depressed but have actually re- 
ceived a sub-lethal dose. If Nilsson’s 
statements were to be taken literally, 
that is, that patients die because of the 
coma and not because of the size of 
the dose of barbiturates ingested, the 
fact that metrazol can fully awaken 
and maintain patients in good condi- 
tion in light barbiturate poisoning, is 
the best argument against his philoso- 
phy of barbiturate poisoning. 

Nilsson’s objections to central analep- 
tics are also based on the experimental 
work of Mousel and Essex!®, of 
Schmidt?*, of Davis, McCulloch et al.*, 
and of Carlsson and Theander*. Kop- 
panyi and Fazekas!® have already dis- 
cussed the data of Mousel and Essex, 
as well as the premise that analeptics 
cause a serious secondary depression 
of the central nervous system. Schmidt 
demonstrated that following convul- 
sive doses of picrotoxin there was a 
marked increase in the cerebral oxygen 
utilization 'in experimental animals. 
After the convulsion the cerebral 
metabolic rate dropped sharply to levels 
below the initial level. Nilsson uses the 
above experiments to support his con- 
tentions that analeptics are contrain- 
dicated in the treatment of barbiturate 
intoxication. It should be pointed out 
that since these observations were not 
made on barbiturized animals given 
subconvulsive doses of picrotoxin or 
metrazol, even though Schmidt’s ob- 
servations are undoubtedly correct, 
they are not germane to the subject 
of the treatment of acute barbiturate 
poisoning with carefully gauged ad- 
ministration of the above analeptics. 
Preliminary data on patients in barbi- 
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turate coma who received subconvul- 
sive doses of metrazol have disclosed 
an increase of the cerebral metabolic 
rate and no secondary depression. 

Nilsson apparently has disregarded 
a later paper by Eckenhoff, Schmidt, 
Dripps and Kety® in which these au- 
thors make the following statement: 
“If picrotoxin is given to an animal in 
which the respiration and circulation 
have first been depressed by a barbi- 
turate, an increased minute volume of 
respiration and a rise in blood pres- 
sure may be noted. These are the re- 
sults of direct stimulation of the res- 
piratory and vasomotor centers.” They 
also quote the experiments of Kop- 
panyi and his co-workers who admin- 
istered intravenously alternate doses of 
barbital sodium and picrotoxin to mam- 
mals and were able in this manner 
safely to expose these animals to doses 
of the barbiturates which were 4 times 
the estimated lethal dose. They also 
state that “metrazol has not been uni- 
formly effective against large doses of 
the longer-acting barbiturates, 
though some case reports of success- 
ful results have appeared. The failure 
of the drug as an analeptic is too often 
associated with the use of inadequate 
initial doses and neglect to repeat as 
often as needed.” 

Eckenhoff et al.® also draw attention 
to the possible dangers of analeptics. 
They can, of course, produce convul- 
sions in which case the possibility of a 
secondary depression is recognized. 
‘The second possibility of harm by pi- 
crotoxin, according to these authors, is 
the widely commented depression per 
se. They state that “most of the labora- 
tory and clinical reports do not sub- 
stantiate this conclusion unless _ the 
analeptic has been given to the point 
of convulsions following which a sec- 
ondary depression has often appeared.” 
Finally, they come to the conclusion, 
which is just the opposite from that 
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expressed in Nilsson’s review, namely 
that picrotoxin and metrazol are the 
most valuable analeptics obtainable to- 
day and that picrotoxin should only be 
used in very severe depressions of the 
central nervous system and then by 
someone well versed in its action. 

Picrotoxin and metrazol are overall 
central nervous stimulants and can 
physiologically antagonize the depres- 
sant effects of barbiturates on the cen- 
tral nervous system (Koppanyi et al."*). 
More recently the physiological an- 
tagonism of analeptics (metrazol) to 
barbiturates is further evidenced by 
Driesen et al.? in their electroen- 
cephalographic analysis of the recipro- 
cal action of narcotics and analeptics. 
The analeptic action of metrazol in 
barbiturate narcosis activated the 
electroencephalogram and led to a 
return of the normal picture. “One 
can therefore assume that the bar- 
biturates act as a damper on the 
EEG through the brain stem and that 
metrazol, by exerting an analeptic ac- 
tion directly on this brain region, 
causes a return to normal of the cor- 
tical electric potentials.” 

Even if we had no explanation for 
this physiological antagonism the fact 
remains that the concept of physio- 
logical antagonism is too well estab- 
lished to be dismissed lightly. No one 
would affirm that individuals poisoned 
with strychnine, picrotoxin, tetanus 
toxin or other convulsant agents can be 
saved by symptomatic therapy alone 
and that the administration of aliphatic 
depressants including barbiturates is a 
condition sine qua non for a successful 
treatment. Therefore, it is logical to as- 
sume that since there is a reciprocal 
antagonism between central depres- 
sants and stimulants and that even 
though the exact mechanism for this 
physiological antagonism is largely un- 
known in barbiturate poisoning, the 
use of picrotoxin and metrazol is still 


justified even on theoretical grounds. 
As a matter of fact, evidence was pre- 
sented both in experimental animals 
and in patients that there is more than 
a theoretical reason for the employment 
of these analeptics in the treatment of 
barbiturate poisoning. The argument, 
that since these analeptics neither in- 
crease the elimination nor the destruc- 
tion of barbiturate, is no more ger- 
mane than the argument that aliphatic 
narcotics should not be used in strych- 
nine, picrotoxin or in tetanus toxin 
poisoning because they neither en- 
hance the elimination or metabolism of 
these substances. 

The same argument holds for the so- 
called secondary depressant effects of 
picrotoxin and metrazol when em- 
ployed in barbiturate poisoning. It 
should be pointed out that if one 
should use aliphatic narcotics includ- 
ing barbiturates in amounts sufficient 
to depress the medullary centers, that 
this depression would not save the lives 
of a strychnine- or picrotoxin-poisoned 
patient, but, on the contrary, would 
bring about a speedy fatal outcome. 
There are 2 types of secondary depres- 
sant effects of central analeptics; first, 
when these drugs are given in non- 
convulsive doses to unprotected ani- 
mals, they produce cortical changes as 
evidenced by a loss of placement reac- 
tions; second, when they are given in 
amounts sufficient to produce convul- 
sions either to unprotected or to bar- 
biturized animals or humans there is a 
temporary tetanic fixation of the res- 
piratory muscles producing hypoxia 
and, in many cases, depression. No one 
advocates, however, that central ana- 
leptics should be given in amounts suf- 
ficient to produce convulsions, although 
it is known that animals premedicated 
with central depressants survive pro- 
longed convulsive seizures. In this con- 
nection one is tempted to quote Boyd? 
who stresses that “It is of the utmost 
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importance to remember that picro- 
toxin therapy should be continuous, 
even though slight convulsions may oc- 
cur. Since picrotoxin is being given in 
subconvulsive doses, it frequently hap- 
pens that a slight convulsion or two 
may occur during a protracted course 
of therapy. One not familiar with the 
pharmacology of picrotoxin may be 
tempted to discontinue use of the drug 
at the onset of a convulsion. On no 
account should picrotoxin administra- 
tion be discontinued during a convul- 
sion, because if the drug is stopped, 
picrotoxin convulsions are followed by 
a deep coma, which, added to the bar- 
biturate coma, may prove fatal. There- 
fore, should the patient begin to con- 
vulse, the dose of picrotoxin should be 
cut down by reducing the rate of ad- 
ministration of the picrotoxin solution 
until the convulsion has passed, which 
ordinarily will be in a few minutes. 
Then the rate of administration of the 
picrotoxin solution is raised to meet 
the requirements noted above.” 
Nilsson emphasizes that when the 
action of picrotoxin produces convul- 
sions, small amounts of barbiturates are 
administered to stop the seizure. Ac- 
cording to him, one becomes involved 
in a vicious circle and he rightly points 
out that this procedure would eventu- 
ally lead to a deepening of the patient’s 
central nervous depression. Nilsson, 
however, does not take into considera- 
tion another possibility, namely that 
instead of administering barbiturates 
to stop picrotoxin convulsions, one 
should temporarily discontinue its ad- 
ministration or better still one should 
administer picrotoxin in amounts which 
do not produce frank convulsions. He is 
correct in saying that too high a value 
is placed on the proofs of returning 
consciousness as manifested by muscu- 
lar twitchings. The latter are usually 
considered as the first signs of over- 
stimulation or oncoming convulsions 
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and at this point picrotoxin adminis- 
tration should be appreciably reduced, 
We thus are unable to find either ex. 
perimental or clinical support for the 
contention that central analeptics ad- 
ministered judiciously are detrimental. 
On the contrary, the majority of the 
reports in the American literature sup- 
port their continued use in the treat- 
ment of acute barbiturate intoxication. 

We have previously reviewed the 
bulk of the American literature dealing 
mostly with picrotoxin treatment of 
acute barbiturate poisoning, but we 
wish to emphasize that the clinical data 
employing metrazol as an antidote in 
barbiturate intoxication are also im- 
For example, a 
patient who had taken 6 gm., or about 
100 mg./kg. body weight, of seconal 
sodium, or about 2 LDso’s, recovered 
after 72 hours following the adminis- 
tration of almost 7 gm. metrazol (Mayer 
and Greenfield’*). Jones, Dooley and 
Murphy” published 29 case reports of 
barbiturate poisoning where metrazol 
was being used as the principal anti- 
dote. There were no deaths reported 
in their series. In this connection one 
should remember the fact that Nilsson 
in his series of cases did not use ana- 
leptics in effective doses, therefore on 
the basis of his present report he is un- 
able to judge the efficacy of picrotoxin 
or metrazol versus Nilsson’s therapy. 
This is regrettable because he indeed 
had opportunity to test the efficacy of 
these physiological antidotes in a man- 
ner which probably would have had 
some statistical significance. 

In reviewing Nilsson’s treatment it 
should be pointed out that most of 
the therapeutic procedures he advo- 
cates in the treatment of acute barbi- 
turate poisoning are necessary and 
should be followed faithfully. A similar, 
and, in our judgement, more acceptable 
idea was exvressed bv Eckenhoft et 
who concluded that “the use of analep- } 
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tics in the treatment of depressions 
should be only a part of a carefully in- 
tegrated schedule of treatment includ- 
ing oxygen therapy, pressor drugs, fluid 
and pulmonary ventilation if necessary, 
as well as more than one analeptic if 
indicated.” 

While we regret Nilsson’s recommen- 
dation of pharmacotherapeutic nihil- 
ism in the treatment of acute barbi- 
turate poisoning, we stress now, as we 
stressed previously, that not all pa- 
tients poisoned with barbiturates re- 
quire analeptic therapy. We are even 
inclined to .agree with Nilsson that 
analeptics are probably used in many 
cases where they are not indicated. 
The metrazol test provides a reliable 
criterion whether or not analeptic 
therapy should be instituted. We fur- 
ther agree that analeptics are not the 
ultimate solution of the treatment of 
acute barbiturate poisoning. Several 
new methods have been proposed: mas- 
sive intravenous infusions, dialysis, 
electro-stimulation (unidirectional elec- 
tric diencephalic stimulation )?1:2?. The 


experience with electro-stimulation in 
subconvulsive doses does not appear to 
be sufficient to formulate final judge- 
ment as to its value. Hemodialysis by 
means of an artificial kidney appears 
promising, and at the present time ex- 
perimental and clinical studies are in 
progress to determine its value. How- 
ever, from a practical viewpoint, we 
have serious doubts that even if the 
above methods proved equal or super- 
ior to analeptics, they could actually 
supersede them because of their tem- 
porary unavailability. In addition, the 
same objection raised by Nilsson against 
analeptics may be raised against elec- 
tro-stimulation if it is proven effective. 

We may thus conclude that (a) met- 


razol and picrotoxin are still the most — 


practical and valuable therapeutic 
weapons for the treatment of acute bar- 
biturate poisoning and (b) pharmaco- 
therapeutic nihilism will not solve the 
problem of the treatment of the more 
severe cases of acute barbiturate in- 
toxication. 
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CARDIAC MENSURATION BY ROENTGENOLOGIC METHODS* 


By Tueopore F. M.D. 


AND 
Russet H. Morcan, M.D. 


THE size of the heart has long been 
recognized as one of the important 
factors by which the clinical status of 
a cardiac patient may be evaluated. 
The accentuation of one or more of 
the cardiac dimensions of an individual 
who is suffering from heart disease is 
frequently of considerable diagnostic 
importance, and a change in these 
dimensions during the course of the 
illness has much prognostic signifi- 
cance. 

Until the discovery of the Roentgen 
ray, the size of the heart was usually 
determined by the digital percussion 
of the chest. Although those skilled in 
the art of physical diagnosis were fre- 
quently confident that they could de- 
termine the location of the borders of 
the heart quite accurately, it was ap- 
parent to most objective clinicians that 
the delineation of the heart by physical 
examination was often inaccurate. 

Soon after the discovery of the 
Roentgen ray in 1895, several roent- 
genologic procedures were developed 
by which the size of the heart could 
be determined with greater accuracy. 


In 1902, Moritz® described the methods 
of orthodiagraphy and _ teleoroentgen- 
ography. Clayton and Merrill, Smith® 
and also conducted 
studies in these fields. 

Orthodiagraphy is a fluoroscopic pro- 
cedure in which the undistorted out- 
line of the cardiac border is recorded 
on the fluoroscopic screen by parallel 
beams of Roentgen radiation; it is 
probably the most precise radiological 
method of cardiag mensuration avail- 
able today. The procedure, however, 
has not found wide application since it 
is time-consuming and requires consid- 
erable skill. Teleoroentgenography is 
a radiographic method in which the 
image of the heart is recorded on 14 
by 17 inch films of the chest. This 
method is not as precise as orthodiag- 
raphy since some magnification of the 
cardiac image occurs in this technique; 
however, if the Roentgen-ray tube is 
located six or more feet from the 
roentgenographic film, this magnifica- 
tion is usually inconsequential. 

In both orthodiagraphy and teleo- 
roentgenography, the size of the heart 


* From the Department of Radiology, The Johns Hopkins Medical Institutions. 
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is usually determined by measuring 
one or more of several standard car- 
diac dimensions. One dimension which 
is frequently used is the transverse di- 
ameter of the heart (Fig. 1A). How- 
ever, some workers prefer to record the 
long and broad diameters (Fig. 1B and 
1C). All three of these methods of 
cardiac mensuration may be termed, 
for convenience, unidimensional pro- 
cedures since they are concerned with 
the measurement of a single cardiac 
diameter. 

Other workers including Hodges and 
Eyster* believe that unidimensional 
methods of cardiac mensuration are 


There have been a few workers who 
have recommended that an estimation 
of the volume of the heart be made 
when it is desired to evaluate the 
heart’s size. Such an estimation in- 
volves the preparation of teleoroent- 
genograms not only in the anteropos- 
terior projection but in the lateral pro- 
jection as well. The volume of the 
heart is predicted by multiplying the 
frontal plane area of the cardiac sil- 
houette jointly by the anteroposterior 
dimension of the heart, as determined 
from the lateral teleoroentgenogram, 
and by the factor, 0.49. The estima- 
tion of cardiac volume is a tridimen- 


Fic. 1.—Schematic diagram illustrating the more commonly used measurements for determining 
cardiac size. A: transverse diameter of the heart; B: long diameter; C: broad diameter; D: 
frontal plane area. 


often unreliable and have advocated 
that the size of the heart be determined 
from the area of the cardiac silhouette 
as it appears on the teleoroentgeno- 
graphic film (Fig. 1D). Hodges and 
Eyster have proposed that this frontal 
plane area be determined by means of 
a planimeter. However, Schwartz’, in 
1946, pointed out that it might be 
calculated more simply by multiplying 
the product of the long and broad 
diameters of the heart by the constant, 
0.735. These measurements which in- 
volve the determination of cardiac area’ 
may be called, for convenience, duo- 
dimensional methods. Their signifi- 
cance in relation to the unidimensional 
methods will be discussed in later par- 
agraphs. 


sional method of cardiac mensuration 
in contradistinction to the unidimen- 
sional and duodimensional methods 
cited in the previous paragraphs. It is 
a relatively long and tedious procedure 
and it therefore has not enjoyed wide 
popularity. 

Normal Cardiac Measurements. Dur- 
ing the past several decades, a num- 
ber of studies have been  under- 
taken to determine the normal values 
of the various cardiac dimensions 
which have just been outlined. By and 
large, these investigations have been 
concerned with the determination of 
the average values of these dimensions 
for various age groups. Very few data 


‘have been presented which give the 


normal ranges of these dimensions. 
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This is unfortunate because the signif- 
icance of a cardiac measurement can- 
not be evaluated unless the normal 
range of that measurement is known. 
For example, if a patient is found to 
have a heart which is 15% larger than 
the normal average of his age group, 
the finding is of considerable signifi- 
cance if the normal range of heart size 
extends only to 10% above the normal 
average; on the other hand, the finding 
is of no great moment if the normal 
range extends to 20% above the normal 
average. 


TABLE 1.—AVERAGE VALUES OF 


cardiac dimensions in normal individ- 
uals, we have examined by teleoroent- 
genography 500 persons who came to 
the Johns Hopkins Hospital with no 
history of heart disease. Many of these 
individuals were employees of the in- 
stitution or medical students in the 
Johns Hopkins School of Medicine. 
The ages of the individuals ranged 
from 2 months to 50 years; the study, 
therefore, covered 5 decades of life. 
Approximately 100 cases were studied 
in each decade. Measurements were 
made of the transverse, long and broad 


FOUR CARDIAC MEASUREMENTS 


TABULATED AS A FUNCTION OF THE AGE OF THE PATIENT 


Transverse Long Broad Frontal Plane 

Diameter (cm.) Diameter (em.) Diameter (em.) Area (sq. em.) 
Standard Standard Standard Standard 
Age Group Mean Deviation Mean Deviation Mean Deviation Mean Deviation 
0O- 4 years 8.3 +1.2 8.5 +1.3 6.5 +1.0 43.5 +11.0 
5- 9 years 9.2 +0.9 10.1 +0.8 8.1 +0.7 61.5 + 9.5 
10-14 years 10.5 +1.2 12.0 +1.3 9.6 +1.0 85.0 +15.5 
15-19 years 11.3 +1.3 18.7 +1.0 10.5 +0.8 104.0 +14.0 
20-29 years 11.6 +1.3 13.7 +1.1 10.9 +1.0 111.0 +16.0 
30-39 years 12.0 +1.4 14.0 +1.2 11.0 +1.0 110.0 +=16.5 
40-49 years 12.4 +1.4 14.1 +1.3 11.3 +1.] 116.0 +20.0 


A perusal of the literature also indi- 
cates that there -has been little discus- 
sion concerning the extent to which the 
normal ranges of the various cardiac 
dimensions overlap the pathological 
ranges. This, too, is unfortunate be- 
cause if the two ranges overlap to 
any considerable degree, very little 
significance can be attached to a single 
teleoroentgenographic examination. In 
view of these facts, it is evident that 
an investigation is needed to study the 
normal ranges of the various cardiac 
dimensions and to examine these 
values in relation to the cardiac dimen- 
sions which exist under pathological 
conditions. 

In an effort to determine the average 
values and the ranges of the various 


diameters and of the frontal plane area 
of the heart. 

The average values of these meas- 
urements in the several age groups 
are tabulated in Table 1. Also listed 
are the standard deviations for the 
various measurements calculated by 
conventional statistical methods. It will 
be observed that the average value for 
any one of the measurements remains 
essentially constant after the age of 20 
years has been reached. 

The ranges of the 4 cardiac measure- 
ments for persons between 20 and 50 
vears of age are illustrated by the 
histograms shown in Fig. 2. In each of 
these histograms, the cardiac dimen- 
sion is divided into a number of sub- 
divisions and the number of individ 
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uals found in each category is recorded 


on the diagram. It will be observed 
that the normal range of any one car- 
diac measurement is quite large. 
From the quantitative standpoint, it 
is customary to define the normal 
range of measurement as that range 
which will include 95% of the normal 
individuals on whom the measurement 
is made. Since the histograms shown 
in Fig. 2 indicate that the various 


cardiac measurements closely follow a 
normally distributed pattern, it may 
be shown by simple statistical methods 
that the normal range of each of the 
cardiac measurements extends from 
two times the standard deviation below 
the average value of the measurement 
to two times the standard deviation 
above the average value. From the 
values of the standard deviations listed 
in Table 1, the normal ranges of the 
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Fic. 2.—Histograms illustrating the frequency distribution patterns of four cardiac dimensions 
in normal individuals in the age group of 20 to 50 years. A: transverse diameter of the heart; 
B: long diameter; C: broad diameter; D: frontal plane area. 


TABLE 2.—NORMAL RANGES OF FOUR CARDIAC MEASUREMENTS 
TABULATED AS A FUNCTION OF THE AGE OF THE PATIENT 


Transverse 
Age Group 


Broad Frontal Plane 


__Long 
Diameter (em.) | Diameter (em.) Diameter (em.) — Area (sq. em.) 


0- 4 years 5.9-10.7 5.9-11.1 4.5- 8.5 21.5- 65.5 
5~ 9 years 7.4-11.0 8.5-11.7 6.7- 9.5 42.5- 80.5 
10-14 years 8.1-12.9 9.6-14.6 7.6-11.6 54.0-116.0 
15-19 years 8.7-13.9 11.7-15.7 8.9-12.1 76.0-132.0 
20-29 years 9.0-14.2 11.5-15.9 8.9-12.9 79.0-143.0 
30-89 years 9.2-14.8 11.6-16.4 9.0-13.0 77.0-143.0 
40-49 years 9.6-15.2 11.5-16.7 9.1-13.5 76 .0-156.0 
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various cardiac dimensions have been 
determined for each of the age groups 
from 2 months through 50 years and 
are tabulated in Table 2. 

The wide range which occurs in 
each of the 4 cardiac measurements is 
striking. In individuals between the 
ages of 30 and 39 years, the long 
diameter of the heart on the average 
is 14.0 cm. However, anyone whose 
long diameter of the heart falls be- 
tween 11.6 and 16.4 cm. must be con- 
sidered to be within the normal range. 
In adults, the normal range of the 
long diameter of the heart therefore 
is +17% of its average value; similarly, 
the average range of the broad diam- 
eter of the heart is +18% of its average 
value; the normal range of the trans- 
verse diameter of the heart is +23% 
of its average value and the normal 
range of the frontal plane area of the 
heart is +32% of its average value. 

It will be observed that the normal 
range of the transverse diameter of the 
heart is greater than that of either the 
long or broad diameters. This is due 
to the fact that the transverse diameter 
is governed to some extent by the 
position of the heart and by the phase 
of respiration which exists during the 
filming of the patient. Since the range 
of normalcy is more likely to overlap 
the pathological range when it is large, 
it is evident that measurements of the 
broad and long diameters of the heart 
are more reliable guides to the clinical 
status of the patient than is the trans- 
verse diameter. Measurements of the 
transverse diameter, therefore, should 
be discarded in the evaluation of car- 
diac patients. 

Some attention should be given at 
this time to the normal range of the 
frontal plane area tabulated in Table 
2. It may be a surprise to some to find 
that this range is as large as +32% of 
the area’s average value. However, 
it must be remembered that the frontal 
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plane area is a duodimensional meas. 
urement and, therefore, may be ex- 
pected to have a range that is larger 
than those of the unidimensional meas- 
urements. If one wishes to determine 
whether or not the frontal plane area 
is a more reliable measure than the 
various unidimensional measurements, 
(that is, has a range that is less likely 
to overlap the pathological range), 
one must make the comparison on 
equal terms. 

We have just seen that the upper 
limit of the normal range of frontal 
plane area is 1.32 times this measure- 
ment’s average value. We have also 
seen that the upper limit of the nor- 
mal range of the long diameter of the 
heart is 1.17 times this measurement’s 
average value. Now, if one wishes to 
compare the range of the long diameter 


of the heart with the frontal plane 


area on similar terms, it is necessary 
to square the factor, 1.17 and to com- 
pare the resulting number with the 
factor, 1.32. The factor, 1.17, when 
squared, is equal to 1.37. Since 1.32 
is smaller than 1.37, the range of the 
frontal plane area is, therefore, rela- 
tively smaller than that of the long 
diameter of the heart and hence is less 


. likely to overlap the pathological 


range. Since the long diameter is 
superior to the broad and transverse 
dimensions in reliability, it is evident 
that the frontal plane area is the pre- 
ferred measurement in cardiac evalua- 
tion. 

The wide range of normalcy which 
has been shown to exist for each of 
the four cardiac measurements is of 
considerable significance because it in- 
dicates that the normal and patholog- 
ical ranges are likely to overlap to a 
considerable degree. To illustrate this 
point, let us consider the case of an 
individual whose heart has uniformly 
enlarged because of cardiac disease 
until its volume has doubled. It is clear 


it 
it: 
n 
tk 
tv 
or 
2° 
al 
fr 
ti 
fr 
ne 
in 
cc 
m 
25 
nc 
14 
th: 
it 
di 
| 
: in 
of 
va: 
mé 
the 
diz 
TOE 
pa 
tiv 
en 
] 
Ca 
ure 
mo 
cot 
— oth 


RADIOLOGY 591 


from simple arithmetic that each of 
this heart's dimensions is 8/2 times 
its original value; that is, each of 
its dimensions is 25% larger than 
normal. To state this in another way, 
the heart, in occupying a volume 
twice that which it filled before the 
onset of cardiac disease, has increased 
25% in each of its dimensions. It is 
also clear arithmetically that the 
frontal plane area has become 8/2? 
times its original value; that is, the 
frontal plane area is 56% larger than 
normal. Now a heart which has 
doubled its size is a very large heart 
indeed; in cases of cardiac disease that 
come to necropsy, such gross enlarge- 
ment is not often encountered. Hearts 
in which the volume has increased by 
25 to 50% are more common. Since 
a heart, which has uniformly enlarged 
until its volume is one half again its 
normal size, will present long, broad 
and transverse diameters that are only 
14% larger and a frontal plane area 
that is only 31% larger than normal, 
it is evident that the normal and path- 
ological ranges of the various cardiac 
dimensions do overlap considerably. 

One may reasonably ask at this time, 
what value cardiac measurements have 
in the evaluation of the clinical status 
of a patient suffering from heart dis- 
ease. We believe that this question 
may be answered rather simply: since 
the normal ranges of the various car- 
diac dimensions are so large and since 
these ranges considerably overlap the 
pathological ranges, a single teleo- 
roentgenographic examination of a 
patient, considered by itself, has rela- 
tively little value unless the heart is 
enormously enlarged. 

Reducing the Normal Ranges of 
Cardiac Measurements. Cardiac meas- 
urements might acquire considerably 
more significance if their normal ranges 
could be reduced by some means or 
other. Many attempts have been made 


to achieve this objective by correlating 
the values of various cardiac dimen- 
sions with the height, weight or some 
other factor associated with the pa- 
tient. For example, the transverse di- 
mension of the heart is frequently 
correlated with the transverse dimen- 
sion of the thorax in an effort to reduce 
the former dimension’s range of nor- 
malcy. One other procedure which has 
been extensively used is the correla- 
tion of the cardiac area with the height 
and weight of the patient. Hodges* 
has recommended this method and has 
developed nomograms to simplify the 
calculations. 

In an effort to determine the effec- 
tiveness of these techniques, we have 
analyzed the cardiac dimensions of 100 
normal individuals in the age group 
between 30 and 39 years and have de- 
termined correlation equations for each 
of the following cardiac measurements 
and extrinsic factors: 1) the transverse 
diameter of the heart versus the trans- 
verse diameter of the thorax; 2) the 
long diameter of the heart versus the 
transverse diameter of the thorax; 3) 
the frontal plane area versus the trans- 
verse dimension of the thorax; 4) the 
frontal plane area versus the height 
and weight of the patient (multivle 
variate analysis); and 5) the frontal 
plane area versus the thoracic area of 
the patient. The transverse diameter 
of the thorax was measured at the 
level of the dome of the left leaf of the 
diavhragm. 

The extent to which the ranges of 
normalcy of cardiac measurements 
may be reduced by these various 
methods of correlation, may be eval- 
uated from the correlation coefficients 
which exist between the cardiac meas- 
urements and the factors with which 
they are correlated. The correlation 
coefficients for the various correlations 
just cited were determined by conven- 
tional statistical methods and are tab- 
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ulated in Table 3. It will be observed 
that the correlation coefficients have 
values ranging from 0.53 to 0.65. 
The importance of these correlation 
coefficients may be determined from 
Fig. 3. Here, the percent reduction 
of the range of normalcy of a cardiac 
measurement is plotted as a function 
of the correlation coefficient which 
exists between the cardiac measure- 
ment and the factors with which it 
is being correlated. To illustrate the 


100 


use of these data, let us take the case 
of the frequently employed correlation 
between the transverse diameter of the 
heart and the transverse diameter of 
the thorax. It will be observed from 
Table 3 that the correlation coefficient 
which exists in this correlation is 0.56. 
A perusal of Fig. 3 indicates that such 
a correlation reduces the dimension’s 
range of normalcy by 17%. Now it has 
been pointed out in Table 2 that the 
normal range of the transverse diam- 
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Fic. 3.—Relationship expressing the percent reduction of the range of normalcy of a cardiac 
measurement plotted as a function of the correlation coefficient which exists between the 
cardiac measurement and the factors with which it is correlated. 


TABLE 3. 
Correlation 
Correlation Coefficient 
Frontal plane area versus height and 
Frontal plane area versus transverse 
diameter of the thorax. . . 0.65 


Long diameter of the heart versus 
transverse diameter of the thorax 0.60 
‘Transverse diameter of the heart 
versus transverse diameter of the 


Frontal plane area versus thoracic 


eter, when uncorrelated with the trans- 
verse thoracic diameter, is +23% of its 
average value. The correlation, there- 
fore, reduces this range of normalcy to 
+19%. Similarly, it will be observed 
in Table 3 that the correlation coeffi- 
cient which exists in the correlation be- 
tween the long diameter of the heart 
and the transverse dimension of the 
thorax is 0.60. From Fig. 3, this indi- 
cates that the range of normalcy of the 
long dimension of the heart may be 
reduced by 20% when this dimension 
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is correlated with the transverse di- 
mension of the thorax. Now we have 
observed in Table 2 that the range of 
normalcy for the long dimension of 
the heart is +17% of the mean value 
of 14.0 cm. Therefore, if one correlates 
the long dimension of the heart with 
the transverse dimension of the thorax, 
the range of normalcy may be reduced 
to +14%. 

Earlier in this discussion, it was 
shown that a heart, which uniformly 
enlarges until its volume is 50% greater 
than that of its normal state, exhibits 
an increase of only 14% in any one of 
its dimensions. It is evident, therefore, 
that these correlations are quite inef- 
fective in reducing the normal ranges 
of the transverse and long diameters 
of the heart to the point where they 
do not overlap the pathological ranges 
to a considerable degree. Indeed, an 
average heart must increase in volume 
by almost 70% before it mav be classi- 
fied as abnormal on the basis of a 
transverse cardiac measurement corre- 
lated with transverse thoracic diameter. 

The normal range of the frontal 
plane area of the heart seems more 
amenable to reduction by correlation 
methods. It will be observed in Table 
3 that although the correlation of 
frontal plane area with thoracic area 
is poor, the correlations with the height 
and weight of the patient and with the 
transverse diameter of the thorax have 
the highest correlation coefficients of 
any of the relationships that were 
studied. It is perhaps fortunate that 
the transverse thoracic diameter pro- 
vides a better correlation than height 
and weight. The former dimension is 
automatically recorded on the film 
when the exposure is made whereas 
the height and weight of the patient 
must be recorded as senarate data and, 
therefore, may often be forgotten bv 
the hurried technician. Furthermore, 
the transverse diameter of the thorax 


requires only a single measurement 
whereas height and weight require 
two; the correlation of the frontal plane 
area with the transverse thoracic diam- 
eter is, therefore, simpler than with 
height and weight. 

The correlation between frontal 
plane area and transverse thoracic di- 
ameter exhibits a correlation coefficient 
of 0.65 (Table 3) and, therefore, re- 
duces the area’s normal range by 25% 
(Fig. 3). Since the normal range of 
uncorrelated frontal plane area _ is 
+32%, the area’s normal range when 
correlated with transverse thoracic di- 
ameter reduces to +24%. Although this 
range is not sufficiently small to ex- 
clude the possibility of a pathological 
heart falling within its limits, it does 
provide that an average heart which 
increases more than 38% in volume be 
classified as abnormal. 

By multiple variate correlation of the 
transverse diameter of the heart with 
the transverse dimension of the thorax, 
the long dimension of the thorax. the 
height, the weight and the age of the 
patient, Jacobs® has been able to es- 
tablish a relationship which has a 
correlation coefficient of 0.71. Such a 
correlation reduces the normal range 
of the transverse cardiac diameter to 
+16% and thereby vrovidts that an 
average heart which enlarges uni- 
formly in size will be classified as 
abnormal when its volume becomes 
47% greater than normal. Since this 
does not constitute as satisfactorv a 
relationshiv as that existing between 
frontal plane area and _ transverse 
thoracic diameter from a pathological 
standpoint and since it is quite an in- 
volved correlation, it is difficult to see 
that it has merit. It does however point 
up the possibility that more complex 
correlations may be able to reduce the 
various ranges of normalcy signifi- 
cantly more than the reductions ef- 
fected by the simple correlations which 
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we have studied. Such complex corre- 
lations of course may become exces- 
sively tedious. This need not be the 
case a priori however, and further 
work should be carried out, for ex- 
ample, to determine the extent to 
which the normal range of frontal 
plane area can be practically reduced 
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from measurements of the long and 
broad diameters of the heart. The 
nomogram also permits correlation of 
the frontal plane area with the trans- 
verse thoracic diameter so that the 
percent deviation from normalcy which 
the frontal plane area exhibits may be 
determined. 
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Fic. 4.—Nomogram expressing frontal plane area in terms of the long and broad dimensions 
of the heart. Nomogram also correlates frontal plane area with patient’s transverse thoracic 
dimension and permits determination of deviation of frontal plane area from normal value. 


by multiple correlation techniques. In 
the meantime, it appears that the cor- 
relation of frontal plane area and trans- 
verse thoracic ‘diameter is reasonably 
satisfactory. It furthermore has the 
advantage of great simplicity. 

In Fig. 4 is illustrated a nomogram 
with which the frontal plane area of 
the heart may be easily determined 


To determine the frontal plane area 
of a heart, a ruler is placed across lines 
A and B of the nomogram so that it 
intersects these lines at the respective 
values of the heart’s long and broad 
diameters. The intercept of the ruler 
with line C indicates the heart’s frontal 
plane area. When the ruler is then 
placed on the nomogram so that it 
intercepts lines B and D at the heart's 
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frontal plane area and the patient’s 
transverse thoracic diameter, the per- 
cent deviation from normal of the 
frontal plane area may be read directly 
from the intercept of the ruler with 
line E. 

It has been suggested by a number 
of workers that the normal range of 
the several cardiac dimensions might 
be reduced if the teleoroentgenograms 
were exposed consistently in one phase 
of the cardiac cycle (for example, in 
diastole). In an effort to evaluate this 
suggestion, we have studied 20 indi- 
viduals falling in the age group be- 
tween 20 and 29 years of age with 
teleoroentgenograms made first in full 
diastole and then at random times be- 
tween systole and diastole. The 20 
films taken in diastole presented a 
mean value for the long dimension of 
the heart of 14.0 cm. and a standard 
deviation of +0.83 cm. On the other 
hand, the grouv of 20 films taken at 
random yielded a mean value for the 
long dimension of the heart of 13.8 
cm. with a standard deviation of +0.84 
cm. Thus, the range of normalcy in 
these 20 individuals was reduced by 
only 1% when the teleoroentgenograms 
were taken in a particular phase of the 
cardiac cycle. The ineffectiveness of 
the technique is avparent. It should 
be pointed out, however, that con- 
trolled cardiac exposures may be of 
considerable value when one wishes to 
evaluate the cardiac dimensions of a 
particular patient over a period of 
time. Here, the exposure of the heart 
in a particular phase, will reduce the 
variability of the cardiac dimensions 
and thereby will permit a more critical 
evaluation of changes in these dimen- 
sions. 

It has been suggested that the tri- 
angular distortion which occurs in 
teleoroentgenograms made with a 
tube-film distance of 6 feet may con- 
tribute to the wide range of normalcy 


which has been found to exist in the 
size of the heart. However, if the 
teleoroentgenograms are exposed with 
the anterior wall of the chest against 
the film, and if one. assumes that the 
heart is located at a position one-third 
of the distance between the anterior 
and posterior walls of the chest, it 
may be easily shown that the magnifi- 
cation of the cardiac image due to 
triangular distortion ranges only from 
2.5% to 5% for individuals whose chests 
range in thickness from 15 to 30 cm. 
In view of the data presented in Table 
2, it is evident that triangular distor- 
tion has little to do with the wide 
normal range which is encountered in 
the size of the heart; indeed, by simple 
statistical procedure it may be quanti- 
tatively shown that the contribution 
is only of the order of 1%. 

Discussion and Summary. The data 
presented in the foregoing paragraphs 
indicate that normal ranges of the 
various cardiac dimensions are quite 
large and overlav the pathological 
ranges to a considerable degree. Fur- 
thermore, these normal cardiac ranges 
are not amenable to great reduction by 
statistical methods of correlation with 
physical factors associated with the 
patient in most cases. 

In view of these facts, we believe 
that cardiac mensuration when per- 
formed at the clinical level, should be 
reduced to the simplest possible terms. 
Complex determinations and tedious 
correlations appear to have little place 
in routine cardiology. When one is 
called upon to measure the heart of 
a patient, it is recommended that one 
study the frontal plane area and cor- 
relate this measurement with the trans- 
verse thoracic diameter of the patient. 
When the measurement is recorded in 
the patient’s history, it is further sug- 
gested that a note be included to indi- 
cate whether or not the value falls 
within the normal range of this dimen- 
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sion. If it does, an additional state- 
ment should be made to indicate that 
this does not necessarily mean that the 
heart is not enlarged, since the normal 
and pathological ranges of heart size 
overlap to a considerable degree. 
Finally, it must be recognized that all 
cardiac measurements assume signifi- 
cance only when it is possible to com- 
pare them with those made at previous 
or subsequent examinations. Only then, 
can an estimation be made of the pro- 


gression or regression of the cardiac 
disease. 

It is perhaps unfortunate that car- 
diac measurements in themselves do 
not have more significance than that 
indicated here. However, since their 
importance is limited, we believe that 
there is nothing to be gained by mask- 
ing the fact. Indeed, cardiac measure- 
ments can be of value in the study of 
heart disease only when their true 
significance is clearly understood by 
the cardiologist and radiologist. 
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BOOK REVIEWS AND NOTICES 


DISORDERS OF THE HEART AND CIRCULATION. 

Edited by Rosert L. Levy, M.D., Professor 
of Clinical Medicine, College of Physicians 
and Surgeons, Columbia University; Attend- 
ing Physician, Presbyterian Hospital, New 
York. Pp. 944; ills. New York: Thomas 
Nelson and Sons, 1951. Price, $12.00. 


Ir is odd to read “since the first writing 
of this chapter in 19380—” as the opening 
phrase of a new text book of cardiovascular 
disease. The preface explains that this mono- 
graph represents the individual chapters pre- 
pared for Nelson’s Loose Leaf System of 
Medicine. There are forty-one contributors 
most of whom are authorities on the subjects 
they discuss. Some of these are Emerson, 
Richards, Wood and Krumbhaar, Bing, 
Perera, Wesselhoeft, Blankenhorn, Harrison, 
Capps, Wolf and Wolff, Cohen and White, 
Sossman, Bell and Levy. Maude Abbott’s 
classic chapter on congenital heart disease is 
retained. The reviewer doubts the wisdom of 
retaining classic chapters of historic interest 
as an integral part of a modern textbook. 

There is a remarkable uniformity of style 
which is probably attained because each au- 
thor writes plainly and clearly and in a pre- 


dominantly clinical approach. The reviewer’ 


gains the impression that each contributor 
writes from an extensive personal experience. 
This impression imparts confidence in the 
reader that the contributors’ statements have 
validity. For instance, Levy writes “too much 
emphasis has been placed on the hazards 
of rest. Rest, like a drug, is a form of therapy. 
. There is a proper formula for each 
patient.” 
This book is warmly recommended to all 
interested in diseases of the heart and cir- 
culation. L. S. 


CutLDREN’s RADIOGRAPHIC TECHNIQUE. By 
Forrest E. Suurtierr, R. T., Registered 
X-ray Technician, Children’s Medical Cen- 


. ter, Boston, Mass. Pp. 80; 32 ills. (including 


20 photographs, 9 pencil line drawings, 3 
reproductions of roentgenograms). Phila- 
delphia: Lea and Febiger, 1951. Price, 
$8.75. 


Most of the standard techniques and sev- 
eral special procedures are covered. The size 


of the book belies the amount of detailed in- 


formation contained, especially concerning 
positioning and immobilization. The section 
on special procedures, however, suffers some- 
what from brevity and might be strengthened 
by the use of some demonstrative roentgeno- 
grams. Several technique charts, based on 
experience with over 200,000 exposures, are 
included. 

All in all this is a valuable supplement to 
standard texts on radiographic technique and 
would be a valuable addition to the library 
of anyone at all concerned with pediatric 
roentgenology. S. G. 


A HaANpDBOOK OF DISEASES OF THE SKIN. By 
H. O. Mackey, F.R.C.S.I., L.R.C.P.I. Pp. 
216; 36 ills. Dublin: C. J. Fallon Ltd., 1952. 
Price, 7/6 net. 


In the preface to this pocket-sized book 
the author states that it “is intended pri- 
marily for students as a practical guide to 
the clinical study and treatment of diseases 
of the skin.” The author admits its short- 
comings, but in the opinion of the reviewer, 
this is an understatement. Except for its 
brevity, the book has little to recommend it 
to the medical student and virtually nothing 
to recommend it to the specialist in derma- 
tology. The student of dermatology depends 
a great deal upon photographs or plates ac- 
companying the text to aid him in under- 
standing what he is reading. Not only are 
the majority of photographs in this book very 
poor, and inadequate -in number, but they 
are poorly distributed in regard to the text 
itself. For example photographs of Fox-For- 
dyce’s disease, monilia infection of the nails, 
adenoma, sebaceum, and molluscum con- 
tagiosum are included in the chapter on 
syphilis. The photograph of dermatitis her- 


petiformis bears not the slightest resemblance ~ 


to that disease. The author, in an early chap- 
ter, has listed the types of lesions found in 
the common diseases of the skin. Under vesi- 
cular and bullous eruptions, erythema multi- 
forme bullosum is entirely omitted. In the 
formulary, no attempt is made to inform 
the student regarding the method of mixing 
together the drugs in complex formulas. Ad- 
mittedly, it is taken for granted the trained 
pharmacist should have this knowledge, but 
to take just one example, Pusey’s calamine 
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liniment, almost every dermatologist includes 
with his prescription the method of tritura- 
tion to make a smooth lotion. Roentgen-ray 
Therapy, though mentioned frequently, is not 
given in dosages of Roentgen units, such as 
are used in the United States. 

NEWER preparations, such as ACTH and 
Cortisone are neglected, as are such drugs 
as Bacitracin, Terramycin, etc. The student 
in this country is usually at least partially 
baffled by the British pharmacopoeia. The 
average medical student usually acquires es- 
sential knowledge of a subject more readily 
and better from a small text, than from a 
large one, but before the student would bene- 
fit from this particular book, it would be 
necessary to bring it up-to-date almost im- 
mediately. It should be more fully illustrated 
with better plates, and the classification and 
arrangement improved. C. W. 


MIND PERCEPTION AND SCIENCE. By W. Rus- 
SELL BRAIN, D.M., F.R.C.P., President of 
Royal College of Physicians of London. Pp. 
90. Springfield, Illinois; Charles C Thomas. 
1951. Price, $2.50. 


Tuis small volume by an outstanding Brit- 
ish neurologist and neurophysiologist attempts 
to discuss the nature of mind, particularly as 
he has observed it in deserters of perception 
produced by disease of the nervous system. 
He does not believe that the mind is to be 
explained by means of the ordinary laws of 
matter. He believes that it is possible to ac- 
cept all of the new knowledge of neuro- 
physiology and psychology and yet preserve 
the mind’s autonomy in its own sphere. He 
says, in conclusion: “We have much to learn 
about nerve-pathways and nervous function; 
and we know almost nothing about the neural 
basis of thought and feeling. . . . We are 
making a beginning . . . but, so far, our at- 
tempts in this sphere are little more than 
guesses and it’s possible, indeed, that con- 
ceptual scientific language applied to the 
nervous system will never prove adequate to 
the task of finding a full equivalence for 
mind.” O. E. 


THE Harm anp ScALp: A CLINICAL StTupy 
(With a Chapter on Hirsuties). By AGNES 
SavitL, M.A., M.D. (Glasg.). F.R.C.P.I. 
4th ed. Pp. 316; 59 ills. Baltimore: The 
Williams & Wilkins Co., 1952. Price, $5.50. 


AttHoucH the Fourth Edition of Savill’s 
study is only twelve pages longer than the 


Third, it is largely revised or rewritten. 
Among the new subjects covered are 
grouped and compound hairs, cases of sud- 
den blanching and exfoliative dermatitis, 
meningioma, and the effects of the vitamins 
and of the endocrine glands on the condi- 
tion of the hair. There is a section on the 
cold permanent wave, reports of grey, lus- 
terless states of the hair, and lanugo hyper- 
trichosis in famine-stricken areas. A number 
of experts have participated in the changes 
in many of the sections. Adequate and up- 
to-date references make this volume all the 
more useful for further study. 

There are, however, certain deficiencies 
which are inevitable in any book because 
of the time between composition and its ap- 
pearance. Perhaps this explains the absence 
of mention of the McManus stain adapted 
at the University of Pennsylvania for stain- 
ing of fungi, or the use of ACTH in alopecia 
totalis. The equivocal nature of the results 
of the latter in various hands makes. this 
omission a blessing in disguise. The inclu- 
sion of thallium acetate, however, is, in the 
Reviewer's opinion, perpetuation of a dang- 
erous therapeutic agent. 

The Fourth Edition of this book deserves 
the same favorable reception as the pre- 
vious three. H. B. 


SuRGICAL ForRuM OF THE CLINICAL CONGRESS 
OF THE AMERICAN COLLEGE OF SURGEONS, 
1951. Edited by Owen H. WANGENSTEEN, 
M.D., Chairman, Surgical Forum Commit- 
tee. Pp. 667; 290 ills. Philadelphia: W. B. 
Saunders Company, 1952. Price, $10.00. 


Tuts book is the second in a series contain- 
ing condensations of the papers presented at 
the Forum on Fundamental Surgical Prob- 
lems, which is a part of the program of the 
Annual Meeting of the American College of 
Surgeons. 

The papers are presented in separate sec- 
tions according to the system of the body en- 
tailed. The papers are primarily concerned 
with laboratory research in the various surgi- 
cal groups throughout the nation. However, 
there are clinical aspects recorded in many of 
them, and a few are entirely of a clinical 
nature. The printing and stock are of ex- 
cellent grade, and the book can be highly 
recommended to any general surgeon. It also 
has a real place in the library of the internist 
who would be greatly interested in the sec- 
tions on liver and portal systems, the heart, 
the blood, vascular system and blood flow, 
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and body fluid, electrolyte and blood volume 
and shock. 

In all it is a highly stimulating volume, and 
it is hoped that its publication will continue 
in future years. H.C. 


THE PATHOLOGY OF DIABETES MELLITUs. By 


SHIELDS WaRREN, M.D., Sc.D., and PxHie 

LeComptTE, M.D. 3rd ed. Pp. 330; 112 ills., 

and 8 color plates. Philadelphia: Lea and 

Febiger, 1952. Price, $7.50. 

Tue third edition of this work is much more 
than one might expect from its title. It in- 
terprets the definition of pathology in its 
broadest sense and is therefore a book not 
only for the pathologist but, and especially 
so, for the clinician. The authors are as con- 
cerned with the morbid physiology as they 
are with the morbid anatomy of the disease. 
The progress in our understanding of dia- 
betes has been so rapid in the past several 
years that it has become impossible to deal 
with it without knowing something of the 
experimental as well as the organic and 
functional aspects. The authors have com- 
bined these features in a single, concise, read- 
able volume. 

There has been a very real and thorough 
revision of the previous editions and the 
present volume is a vast improvement. It 
should appeal to a wide range of readers and 
its use certainly should not be confined to 
the pathologist. E. A. 


CHILDHOOD EXPERIENCE AND PERSONAL DEs- 
TINY. By V. Stiverserc, M.D. Pp. 
289. New York: Springer Publishing Co., 
Inc., 1952. Price, $4.50. 

Tus is a book on the theory of personality 
and the distortions of personality we call 
neuroses. The author is one of several psy- 
choanalysts who in the past ten years has at- 
tempted further to clothe the skeleton struc- 
ture of Freudian Theory of personality with 
his own particular patterns of formulation, 
emphasis, and vocabulary. 

The first experimental area he calls “Prob- 
lems of Orality and Deprivation”; the second 
he calls “Problems of Discipline”; the third 
he calls “Problems of Rivalry and Genitality.” 
He tries to show how these three experiences 
of the child mold the personality into its lat- 
er adaptive pattern. His last chapter discusses 
the aims of treatment. Dr. Silverberg has 
written in a readable and stimulating manner 


as well as with clarity and system. It is to be 
recommended for the psychiatrist, physician, 
or layman who wishes to gain a reasonably 
brief and condensed exposition of the role of 
childhood experience upon character forma- 
tion. O. E. 


REPORT ON CONGENITAL DySPLASIA OF THE 
Hip JomntT AND SEQUELAE. By VERNON L. 
Hart, M.D., Assistant Professor of Surgery, 
University of Minnesota. Pp. 216; 136 ills. 
Springfield, Ill.: Charles C Thomas, 1952. 
Price, $5.00. 


Tue author has clearly and completely 
brought to the front the very important rela- 
tionship between congenital subluxation and 
congenital dislocation of the hip joint in the 
infant prior to weight bearing, the child, the 
adolescent, and during early and late adult 
life. 

The text, of course, should be on the shelf 
of every practicing orthopedist. However, 
from the standpoint of preventive orthopedics, 
this text should be a ready reference book for 
general practitioners and certainly pediatri- 
cians. A.S. 


Diz EXEKUTION DES TYPUS UND ANDERE 
KULTURPSYCHOPATMOLOGISCHE PHANOMENE. 
By Pror. Dr. WERNER WAGNER. Pp. 136. 
Stuttgart: Georg Thieme Verlag, 1951. Price, 
DM 15.60. 


Tuis is an attempt to establish on scientific 
lines the so-called science of cultural psycho- 
pathology. The author starts out with the pre- 
mise that the times are out of joint and that 
something should be done about this on 
scientific lines. ° 

The work is written with a philosophic 
trend, and paradoxes are freely dispersed 
throughout it. Laymen and sociologist might 
derive some benefit from its perusal, as well 
as might some psychiatrists. Nietzsche’s prin- 
ciple that there is a point of departure be- 
tween the scientist and the power politician 
is hinted at or discussed cursorily more than 
once. 

The author believes that psychiatric condi- 
tions in society, and between groups of peo- 
ple, should be studied psychiatrically. The 
fact is that world conditions are bad, and 
that much can be done to correct them if 
they are studied properly and if remedies are 
properly administered from the standpoint of 
science, due regard being paid to therapeutic 
optimism. Not science itself but the expan- 
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sion of technical aids to increase the ampli- 
tude and intensity of sensations—especially 
those of sight and hearing—have produced 
a tendency to uniformity of thinking that is 
conducive to propaganda and the emergence 
of nonconforming individuals whose influence 
is not always good. In this way certain types 
undesirable to the masses are often “executed” 
or eliminated. 

American psychiatrists have long been con- 
cerned with social problems. The hint to ap- 
proach cultural problems, the reviewer be- 
lieves, from the psychopathological standpoint 
(with the help of psychology, as the author 
states), is not altogether new in America. 
What the conditions from the psychopatho- 
logical standpoint are in the rest of the world, 
the reviewer does not know. It is doubtful 
whether a translation of the work would be 
of service here, but to those with philosophic 
frames of mind who read (rather difficult) 
German, more extended knowledge of the 
views of the author than we are able to give 
here would be a distinct asset. M. M. 


THE BroLocy oF MENTAL HEALTH AND Di1s- 
EASE: A Symposium by 108 Authors (The 
report of the 27th Annual Conference of the 
Milbank Memorial Fund) First edition. Pp. 
654; 218 ills. New York: Paul B. Hoeber, 
Inc., 1952. Price, $10.00. 


Tus book reflects the growing tendency 
toward interdisciplinary cooperation in re- 
search. A report of the 27th annual confer- 
ence subsidized by the Milbank Memorial 
Fund, it explicitly stated that this was “frank- 
ly an experiment in cross-fertilization.” The 
Josiah Macy Foundation has been fostering 
such activitiés more intensively in fields re- 
lated to neuropsychiatry but the present vol- 
ume represents the most extensive attempt to 
elaborate the material in a single volume. 

This collection of articles from 108 con- 
tributors should be in the library of ever,one 
who teaches psychiatry or is in anyway in- 
volved in psychiatric research. On the other 
hand, the clinician may be somewhat dis- 
appointed in this collection. There are clinical 
suggestions that offer definite promise such as 
the “euphoria of steroids,” the biologic im- 
plications of Mongolism and adrenergic in- 
hibition producing the “blindness of rage.” It 
would seem that the classical dichotomies of 
functional versus organic and environmental 
versus hereditary continue to haunt even 
these basic discussions. Stanley Cobb and 
Ralph Gerard do their best to lay such ghosts. 


The stimulating summation of the latter 
should be read by everyone. 

It is implied that a second volume will in- 
termesh the biologic and psychodynamic as- 
pects. When this appears and is of equivalent 
quality, psychiatry will indeed be heavily in- 
debted to this fund and their publishers. 

O. E. 


THE METABOLIC RESPONSE TO SURGERY. By 
Francis D. Moore, M.D., Moseley Professor 
of Surgery, Harvard Medical School, and 
Manrcaret R. Batt, A.B. American Lecture 
Series. Pp. 167; 56 ills. Springfield, IIl.: 


_ Charles C Thomas, 1952. Price, $7.50. 


An excellent and long awaited monograph 
on the metabolic studies done at the Massa- 
chusetts General and the Peter Bent Brigham 
Hospitals on the “every day” surgical patient. 
The studies are presented briefly as case re- 
ports and as charts showing the effect of 
surgery on the nitrogen, sodium, and potas- 
sium balance, and on the caloric require- 
ments. The parts played by starvation, im- 
mobilization, and the response of the adrenal 
cortex to trauma are discussed. There is a 
special chapter on the problems presented bv 
excessive extrarenal fluid losses, prolonged 
convalescence, burns, and adrenalectomy. 
Protein needs and protein utilization in the 
pre- and post-operative period are contrasted 
and the best method of supplying protein tq 
the surgical patient in these periods is sug- 
gested. Specific diets, tube feedings, and 
parenteral fluid mixtures are given. The facts 
drawn from the experimental data are sum- 
marized as definite patterns of response and 
the application of these facts to the bedside 
treatment of the surgical patient is clearly 
presented. 


THE Tuyrow. By THomas Hopce Mc- 
Gavacx, M.D., F.A.C.P., Prof. of Clin. 
Med., New York Medical College. Pp. 646; 
72 ills. St. Louis: C. V. Mosby Co., 1951. 
Price, $13.50. 


Tuts is one of the better books on thyroid 
disease. It is well organized and clearly writ- 
ten. Although there is a good background of 
fundamental information, the emphasis has 
been on practical application. The section on 
hypothyroidism is particularly good. 

The chapters on thyroid phvsiology and 
iodine metabolism are easily understandable 
and furnish a good base for the better under- 
standing of the diagnosis and treatment of 
thyroid disorders. W. P. 
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CYCLOPEDIA OF MEDICINE, SURGERY, SPE- 

CIALTIES. GEORGE Morris Pyersot, M.D., 
Editor-in-Chief, Epwarp L. Bortz, M.D., 
Assistant Editor. Six Chief Associate Edi- 
tors, 23 Associate Editors and over 800 Con- 
tributors. 3rd ed., 14 volumes and index ag- 
gregating 14,750 pages. Numerous illustra- 
tions, many in color. Philadelphia: F. A. 
Davis Co., 1952. Price, $195.00. 

Tuts is the most important medical publi- 
cation of recent years. Its importance lies in 
the fact that it offers so much, so conveniently 
to so many. This importance has been 
achieved by reason of a number of factors: 
First of these is the long experience by able 
editors who saw to an adequate concise cover- 
age of a vast material, to the prover allotment 
of space insuring a well-balanced work, and 
to the selection of authoritative contributors. 
The material is well arranged with a logical 
grouping of subjects and is made easily ac- 
cessible by an excellent index volume. Above 
all, the importance of this work can be main- 
tained without impairment far into the future 
because of the adoption in this edition of a 
loose-leaf type of binding. 

This Cyclopedia offers so much to so many. 
All physicians are constantly confronted with 
the need of having available for daily use 
up-to-date information over a wide range of 
medical knowledge, but their office libraries 
all too soon become one-sided. Even the gen- 
eral practitioner finds himself, by limitations 
of space and money, compelled to restrict 
his new book purchases. The specialist’s col- 
lection is likely to be limited more and more 
to the very narrow field of his interest and 
practice. Thus, the cardiologist may own a 
textbook on obstetrics but it is likely to be 
the one he bought as a medical student. 
Here are offered 14 volumes of modern ma- 
terial that run the gamut of medical knowl- 
edge and so can round out the working li- 
brary of every physician, regardless of his 
field of interest. 

The adequacy of the material can be in- 
dicated by some data on space assigned to 
various subjects. The figures in parentheses 
after each topic mentioned indicate the num- 
ber of pages devoted to it: Adrenals (92), 
amputations (61), anesthesia (160), arth- 
ritis (82), bacteriology (89), bladder (101), 
brain (260), breast (107), cardiovascular 
disorders (925), colon (87), endocrine 
glands (104), eye: chemistry, injuries, tumors, 
foreign bodies (69), fractures (329), hand 
infections (42), hematology (470), immun- 
ology (265), joints (196), kidney conditions 
(228), larynx (92), liver and biliary tract 
(290), lungs (240), metabolism (155), mus- 


cles (72), nervous and neurological diagnosis 
(95), nose and naso-pharynx (47), osseous 
system (148), ovaries and fallopian tubes 
(58), pancreas (62), parasitic diseases (89), 
pleura (87), pneumonia (89), pregnancy, par- 
turition, puerperium (353), prostate and 
scrotum (83), psychiatry (353), radiology 
(402), rectum and anus (105), rickets (62), 
scarlet fever (72), spinal cord and spine dis- 
orders (148), spleen (52), stomach (214), sur- 
gery: technique, pre- and post-operative treat- 
ment (104), sympathetic nervous system (100), 
syphilis (87), testicles (97), thyroid (1183), 
tuberculosis (233), uterus (100), vascular 
tumors (67). Not only is there adequate cover- 
age, but, as these figures show, the material 
that belongs together has been so grouped. 
Thus, the 228 pages of kidney conditions in- 
clude both medical and surgical aspects. 
Easy availability of the more than 900 ar- 
ticles covering over 14 thousand pages in 14 
volumes is of major importance for the 
greatest usefulness of this Cyclopedia, even 
though these articles are arranged alpha- 
betically in the usual cyclopedic practice. 
This end is fully achieved by an excellent in- 


‘dex volume. These features of the index are 


worthy of special comment: All references to 
therapy are in italics, the paging is by separate 
number series under each letter: A 1, A 2, B 
1, B 2, and so on. This will make it possible 
to change index pages under one letter with- 
out affecting the numbering of pages under 
any other letter. The index is unusually com- 
plete, and even if use will uncover minor 
omissions, their correction is relatively 
simple. Each volume has its own table of 
contents at the front, as an additional help 
in finding articles. but it should be stressed 
that the Index Volume must always be con- 
sulted first. 

The most valuable feature of this new 
edition of the Cyclopedia is its loose-leaf for- 
mat. The outstanding objection to any per- 
manently bound volume is the inability to 
revise, change or amend it. Although much 
material that is embalmed between the covers 
of such a book has lasting value, some is 
bound to be evhemeral and, therefore, al- 
ready out-of-date at the time of publication. 
Since it is not feasible to replace at intervals 
of a year or two or three, whole volumes, let 
alone a dozen of them, the expedient of an 
annual service volume must be used to bring 
new material to the subscribers. But the first 
service volume makes a rigid index volume 
obsolete, and every additional one compli- 
cates the task of the reader who must search 
in each new as well as the original volume for 
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his information. Loose-leaf binding is the only 
practicable solution. It is noted that the pub- 
lishers are offering to subscribers a choice of 
a substantial number of additional loose-leaf 
pages with new material annually or of an an- 
nual service volume. From past experience 
with both methods of bringing the subject 
matter up-to-date, the reviewer sincerely trusts 
that the loose-leaf procedure will receive 
the greater emphasis and care and that sub- 
scribers will so elect. In this connection, it 
is strictly urged that the new loose-leaf ma- 
terial have the year of issuance entered at 
the bottom of each page as a further means 
of orienting the reader. 

The type of loose-leaf binding employed is 
unusually simple, effective and easily oper- 
ated. The paper and type are excellent. The 
modern practice of two columns instead ot 
a solid printed page facilitates reading. There 


are numerous excellent illustrations, many 
in color, all well done. 

All of this redounds to the credit of the 
Editor-in-Chief, Doctor Piersol, and the As- 
sistant Editor, Doctor Bortz. They bring to 
their tasks long years of experience in medi- 
cal writing, and practice in the editing of 
this Cyclopedia. They have allied with them 
six Chief Associate Editors: Drs. Ochsner 
(Surgery), Falls (Gynecology), Campbell 
(Obstetrics), Lyon (Pediatrics), Lederer (Oto- 
Rhino-Laryngology), and Berens (Ophthalmol- 
ogy), and twenty-three additional Associate 
Editors, each in a special field. These, in 
turn, have enlisted a faculty of over 800 
physicians, surgeons and teachers represent- 
ing more than one hundred universities in all 
parts of the world. The result is a work that 
every physician should know, have and use. 

R. K. 


volumes will be returned prepaid. 


BINDINGS FOR COMPLETED VOLUMES 


The desire to preserve the issues oo THE AMERICAN JOURNAL OF THE 
MEDICAL SCIENCES for permanent reference has brought numerous requests from 
subscribers for information as to how they may have their copies bound. 


We are pleased to announce that The Book Shop Bindery, 308 West Randolph 
Street, Chicago 6, Illinois, has been selected as offering the finest service. They will 
bind the 6 issues of the Volume in the best grade of washable brown buckram with 
gold stamping on the spine and the subscriber’s name in gold on the front cover. A 
check for $3.15 payable to the Book Shop Bindery should aecompany order. Bound 
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